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FOREWORD 


Experiments with several wide-angle lenses, containing three or four components each, were 
carried out by Mr. Hudson and the writer at Allegheny Observatory in 1913, and are fully described 
in the Publications of that observatory, Volume 3, page 59. The last of these experiments was 
carried out by means of an objective that had been especially designed for this application, its 
chief characteristic being the absence of optical distortion. This can be brought about in many 
ways; in this case it was done by adopting a symmetrical construction. This objective is described 

in detail in these Transactions, Volume 4, page (1). 

The results of these experiments were promising. They showed that the accidental error of 
star positions obtained from the measurement of one image is only 0.18. They also showed that 
no appreciable optical distortion is present and that the positions are free or can easily be freed 
from certain other kinds of systematic error. But we came to the conclusion that in order to make 
a thorough search for still other systematic errors it would be necessary to measure the positions 
of many star images. The present volume is thus a continuation of these experiments on a larger 
scale. 

When this zone was undertaken I had no intention of extending the work to other parts of the 
Gesellschaft Catalogue, as we have since decided to do at Yale Observatory. This particular 
zone was chosen merely because the reductions are somewhat simpler for plates whose centers 
are near the equator. Almost all of these measurements and computations were finished in 1916 
within a year and a half of securing the last of the plates. Owing to the war and other causes 
publication has been delayed until now, though many of the positions have been communicated 
by letter to astronomers who expressed a wish for them. I take this opportunity for thanking 
the Allegheny Observatory, where almost all the work to which this volume relates was carried 
out, for permission to print these results here. 

In the meantime we have finished the re-observation by the same method of the Harvard 
Zone of the Gesellschaft Catalogue (50° to 55°) and these results were published in 1925 in Volume 
4 of these Transactions. The reader is referred to this volume for a more detailed description 
of the methods employed so far as they are common to the two zones. 

The portion of the plates actually measured overlaps the Albany Zone to the north; within 
this strip (+ 1° to + 2°) 1275 Gesellschaft stars were selected for measurement in order to provide 
symmetrical material for discussing the properties of the photographs. These stars will be 
measured again when the Albany Zone is re-observed; their positions as here derived are pre- 
served in Part IV of Volume 3 of these Transactions, which is being distributed with the present 
volume. 

Mr. Hudson’s share in this work is a very large one; he secured all the necessary plates, and 
their general excellence is due in no small measure to his care and skill. He also made about 
fifty-five percent of the measures. Miss Jenkins’ share in the work is hardly less; she made the 

Vv 


remaining forty-five percent of the measures and carried out nearly half the computations. The 
other half of the latter was for the most part completed by the writer. The experience we had 
gained in discussing the zone 50° to 55° led us in 1925 to subject the present positions to the same 
searching examination; these computations were carried out by Miss Barney or under her super- 
vision. The appearance of the tabular matter owes much to the skill with which Miss Pond has 
prepared the manuscript for photographic reproduction. 

The 602 comparison stars used to derive the plate constants were especially observed for this 
purpose with the Lick Meridian Circle by Professor Tucker. For this indispensable aid in carrying 
out the present work I am very grateful to him and to the Lick Observatory. 


January, 1926 
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INTRODUCTION 


1. AT THE TELESCOPE 


Using the objective described in Volume 4 of these Transactions, 120 plates upon plate glass 
20 cm by 25 cm were secured. The bases of all the plates are close to the equator. That of the 
first plate is at right ascension 0» o™; that of the second, o 12, the third, o* 24™, and so on. 
Upon each of these we have measured star images throughout a rectangular region 6° (or 24 minutes) 
in right ascension and 4° in declination. 

Details concerning the plates appear in Table 1. The columns give in order the position of 
the base for 1875, the date of taking the plate, its hour angle, the position of the base with respect 
to the geometrical center of the plate, and the date of measurement. It will be noticed that all 
the plates were secured and measured within a period of ten months. The last column contains 
the initials of the two observers, a semicolon separating the indications for declination from those 
for right ascension. 

2. AT THE MEASURING ENGINE 

The engine employed is the one described on page 83, Volume 3, of the Publications of the 
Allegheny Observatory. This is essentially the same in character as the one briefly described in 
Volume 4 of these Transactions, with which the plates for the Gesellschaft Zone 50° to 55° were 
measured. The only noteworthy difference is in the construction of the guiding ways for the 
microscope, a point to which we will return presently. To guard against a change in the relative 
positions of microscope and plate, we measured the coordinates of four ‘“‘zero’”’ stars at intervals 
never exceeding an hour and a half; occasionally in one of these intervals the relative shift, as 
determined from these measures, was found to exceed 0.001 mm; in these cases (amounting to 
2.0 percent of all the measures) the original measures were rejected, and the corresponding stars 
measured again. When the plate remained overnight in the engine, the zero stars sometimes 
revealed a slight shift; in these cases (amounting to 13 percent of the total) small ‘zero correc- 
tions’’ were applied to reduce the measures to what they would have been had no shift occurred. 

In designing a new engine for the continuation of this work, special attention was paid to the 
elimination, as far as possible, of such shifts. The screw and the two guiding ways upon which 
the microscope carriage is moved to the right or left were placed as low as possible and as far 
forward as possible, so that the distance between them and the axis of the microscope, and the 
distance between them and the plane of the plate, are as small as it is practicable to make them. 
Under these circumstances the shift between microscope and plate, whether due to gradual causes 
or to one or more small shocks arising from the handling of the microscope, will be a minimum. 
Experience in measuring the 50° to 55° zone with the new engine showed considerable reduction 
in the frequency of such shifts. For example, in the latter case I.1 percent of the measures had to 
be repeated on this account as against 2.0 percent for the equatorial zone; and corrections had to 
be applied to only six percent of the measures, as against thirteen percent. 
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INTRODUCTION 
TABLE 1 


DESCRIPTION OF THE PLATES 
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Base 
R.A. (1875) Decl. (1875) Date of Exposure wa Date Measured Measured by 
v- aa : AX AY 
mm mm : 
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Apr. E — .32 | + .49 Apr. 15 Hey Hiey 
May We | 32 st ‘May 4 Bis | 
Apr. We fi — "32 te = 249 Apr. 25 H 
Mar. We "330 | => 340 PA pI 27.91) me latd 
Apr. Ear "234 |e .40 Apr. 21 isle dale ie 
Apr. Wee 7139) | 4) 249 ‘Mar. 30 He} 
May E = 44 1 14h May 20 | H; J 
‘Apr. Eb (esd hae 49 Apr. 24 H; J 
Apr. W. | — .32}:+ .49 Apr. 28 jE leg 3 
May WE | 9532" | 1-55 IMay> = 7 erin) 
Mar. W. | — .39}] + .49 Aprs 29) eerie) 
Apr. W | —:.32 | + .49: Apr 36° 1) aay 
May E = ON SP Gh May 8 lal] | 
May W | — .32 | + «51 ‘May 9 He 
-May E — .24 | -—- 749 May 16 Nee SI 
May Were te 322 (Pater ts May II J; H 
Apr. E ——eo 2, et= dO May I Sle | 
May W | — .24| + .49 May 23 H 
May E = |) Se ae May 18 PR del 
May NW \Voe Weecese 32 tea 0) May 26 H 
May We eae 2 ae leo May 12 \jevial 
May W } — .Io | + .49 - -May 25 J 
May Bech 4k, be-F 49 May -27)-)) Jie 
May — 41 | + .49 June I | el | 
Woes) 24 ese nd) Maye 23 H; J 
“May Wea a 32k ci F May 13 [ek 
May W | — .41 | + .49 June 4 Hs3J 
Wie 2A eA © May 22 inte 
May W | — .q7 [-+ «49 June 5 He} 
E — 41 | + .51 June 6 jeeiel 
E — LA} .51 June 8 1Bie 
E — 41 | + .58 June 12 J 


(4) 


R.A. (1875) Decl. (1875) Date of Exposure Vee Date Measured Measured by 
AX AY 

h m s min mm mm : 
17 59 47.8 —3' 50” 1914 May 25 | 12 W | —0.41 | +0.49 1914 June 3 Hes] 
18 II 54.0 +1 37 June 9 6E — 4% | + .58 June 13 H 
TSA OLS —2 §2 July 10 oO — .27 | + .58 July 16 fans fe ls! 
13.2935, 4.530 1. Sp -57 June 1° |.14 W [== .40 | fF 51 June 9 | J, H; H,J 
18 48 5.6 +o 54 June 24 1D — .27 | + .58 June 25 Inle Aiea: 
18 .O +o 30 June 24 | 26 W | — .27| + .58 June 27 Ip lon | fls| 
19 oe ey +o 21 June 9 | 18 W |:—..41 — + .24 June 15 Bal s FOG ot | 
TQme2 Ate 7.0 —2 27 July 10 | 14 E 9 27) Veta 5o July 11 H; J,H 
19 36 12.5 —4 50 July 195 |.34° We |) — 2125)" 253 July 21 ipl Jf 
197 47° 46:1 a June 9 | 20 W | — .41 | 4+ .58 June 17 ie ig! 
20 OS a ADL) 2233 July 1 oO = 27 Lat 50 July 14 | H,J; H,J 
20uel 245 —2 35 Sulvyae22 ied ek: — .05 | + .58 July 28 H 
20m? An]. 7 —2 40 July 22 4 W | — .05 | + .58 July 30 H 
20 36 2.4 —3 43 Aug. 6 | 29-W | — .05 | + .61 Aug. 10 H 
20 48 11.7 —2 4I July 22 | 22 W~-}| —..05 | + .58 Aug. 3 H 
21 oO 10.5 —3 23 July 11 24 W | — .27 | + .56 July 17 bral ee a | 
QI 12 35:5 —2 40 Aug. 6 | 50 W |} — .o5 | + .61 Aug. 27 H 
Die 2A 6.5 —I 14 July 17 2E EES alacten 5S July 23 J; H 
Dt 80 8S. —O 32 July 17 7W i — .15 |] + -53 July 22 feds! 
21 48 6.0 —2 50 July 22 oO — 05 | + .58 Aug. 7 H 
225 O8nTasS —4 37 July 11 4 W | — .27] + .56 July 20 JH 
222 ee Ond —2 42 Aug. 12 | 34 E — .05 | + .61 Aug. 20 H 
9) Bl Be —I 56 July 17 oO — 115 |] + .53 July 24 H; J 
22 aes Ole 363 —2 22 Aug. 12 iy 1B: — 05 | + .61 Aug. 15 H 
22 AS ie ea7 —I 34 July 17 | 12 W [ — .15 | + .53 July 25 H 
22 =O me A-6 +o 23 Aug. 13 | 39 E — .07 | + .58 Sept. I H: Hj 
Bey SOY Ie —I 36 Nie 128 | ae 8. — 07] + .58 Aug. 22 H 
235 24, 9 0:0 —2 56 Aug. 21 6E | — .0] + .53 Sept. 2 H; J 
PRY A A —I 14 Aug. 13 | 32 W | — .07 | + .58 Sept. 3 ‘HH: J 
225A See s-O —3 26 Aug. 21 11 W }] — .10 | + .53 Sept. 5 H 
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TABLE 1—Continued 


Base 


As an additional precaution against the effects of an unknown shift or of the uncertainty in a 
known one, we adopted the plan of measuring the right ascensions in the order of right ascension, 
and the declinations in the order of declination. This automatically eliminates any change that 
is proportionate to the time, for a plate upon which the images are nearly uniformly distributed, 
for in that case the change is thrown into the scale value as determined from a least-squares solu- 
tion. Even if the change is a sudden one, this sequence in the measurements partly eliminates its 
effects. If, for example, the shift amounts to h and occurs near the middle of the measurement 
of any one set of coordinates, then the scale will automatically be modified so as to make 


0.5% and o0.19h 


respectively the maximum effect and the probable effect, in a sense analogous to probable error. 
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Beginning with the plate at 0" o™, we called every second plate an even one and measured it 
in the direct position; that is, larger screw readings correspond to greater right ascensions and 
declinations. The intermediate plates we called odd, and measured them in the reversed position, 
larger screw readings corresponding to smaller right ascensions and declinations. Each star was 
measured once upon an even plate and once upon an odd. 

For a zone of equatorial plates the rectilinear coordinates X and Y are nearly proportionate 
to differences in right ascension and in declination, the errors involved in this assumption being 
of the third order and amounting at most to only a few seconds of arc. This makes, the identifica- 
tion of the Gesellschaft stars upon the plate an easy matter. Two paper scales graduated in arc 
and time respectively were placed on the plate carriage and the microscope carriage; moving these 
carriages to and fro or right and left any star can readily be pointed at by means of the Gesellschaft 
position. When the plate is turned 90° to measure declinations the two scales are interchanged. 

The complete process of measuring is then as follows; having oriented the plate in the engine 
by means of two or more Gesellschaft positions, we select four zero stars, two near the upper edge 
of the plate and two near the lower, and measure them. We then point at the first star whose 
right ascension brings it across the preceding limit of the plate, this limit being always determined 
by the Gesellschaft positions. (Thus the first plate is taken to extend from 235 48™ 08 to 02 12™ 05, 
the second from 0» o™ 0% to 08 24™ 0%, and so on.) Two or three pointings are made on this star 
and the mean is set down; the eyepiece, containing a reversing prism, is turned 90° by means of 
appropriate stops, two or three pointings are made in this position and their mean is recorded. 
The Gesellschaft star of next greater right ascension is now measured in the same way, and so on 
until the following limit of the plate is reached. The plate is now turned through a right angle 
by means of the device provided on this engine. Stars whose declinations are less than — 1° 30’ 
are first measured, then those that lie between — 1° 30’ and — 1° 0’, and so on until we conclude 
with those whose declinations exceed + 1° 30’. Within these strips the stars are examined in 
order of right ascension. This procedure is of course not exactly the same as measuring in the 
order of increasing declinations but it is near enough for all practical purposes.* 

In connection with each measurement an estimate of the star’s diameter is recorded, using as 
a unit a fixed distance in the eyepiece, the separation of two spider lines. 

Each plate contains scratches in the film near the four edges; these are likewise measured and 
recorded, in order to provide for establishing the position of the base with respect to the star 
images. For the details of this operation see Volume 4 of these Transactions, page (5). 

It will be noticed in Table 1 that the two observers frequently shared the measurement of a 
set of coordinates on a plate. We made certain by direct tests that the systematic difference 
between these two observers is very small or nil. In any case, since each observer measures the 
four zero stars at least twice in any one session at the engine, these measurements themselves 
provide against any such difference and would automatically eliminate it by the use of the zero 
corrections. 

*In the two zones we have thus far measured we have made all the records in loose-leaf ledgers. For the third 
zone, now in progress, we are using cards instead, all the matter relating to a particular star, both measurements and 
computations, appearing on a single card. This has many advantages; among others, the ease with which they 


can be arranged in any order, so that we now measure stars strictly in the order of their screw readings. 
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3. THE REDUCTIONS 


All the computations were made in duplicate in two sets of loose-leaf ledgers. To convert X 
and Y from millimeters to time or arc we employed two computing engines, a Tim and a Dactyle, 
each being restricted to its own set of computing ledgers in order to make sure that no defect in 
the engines could repeat itself without detection. Thereafter all the computations were made by 
means of Crelle’s Tables (Seeliger’s edition) or by means of short manuscript tables on cards. No 
one of these latter tables covers more than a single card 25 by 30 cm in size. Yet all of these 
tables can be used without interpolation, a very important advantage where more than a quarter 
of a million corrections of various kinds must be applied, and these in duplicate. 

To convert X and Y into differences of right ascension and declination various formulae are 


available. For the right ascensions I have chosen 
Aa = X + Aa:-Aé sin 6 — fAa’, 


in which 6 is the declination of the base and Aa and Aé can be taken from the Gesellschaft catalogue. 
This formula is very precise, the maximum error due to the neglect of higher-order terms being 
only *.oo1. In all rigor X should be multiplied by sec 6, but this is fully taken care of in the 
subsequent evaluation of the scale. The next term is small, never amounting to more than *.046 
for these plates. A table giving Aaw-Aé was constructed and with this we entered Crelle, which is 
left open to the same page for an entire plate. The term in Aa’ is larger, amounting to 0*.7 at the 
eastern and western limits of every plate; but as this correcton has only one argument, a compact 
table suffices to give it without interpolation. 
For the declinations I have used 


Aé = Y — {Aa? sin 26 — $Aa?A56 cos 26 — $A8°. 


This may be still further simplified if for 6 we substitute 6; — Aé, 6, being the declination of a 
star. We then have with sufficient accuracy 


Ad = Y — 1Aa’ sin 28, — 148°. 


This formula is also very precise, the neglected higher-order terms amounting at most to ’’.02. 
The second term exceeds 9’ in the corners of all the plates, and as it has two arguments it is a 
little troublesome to apply. A table was constructed for }Aa? using such a unit that when this was 
multiplied by the number of minutes in the declination of the star the product is the required 
correction. The term in Aé* may be as much as 4”; as it has only one argument it can easily 
be tabulated and applied. 

As we use Turner’s convenient method for deriving the plate constants, we need pay no atten- 
tion to first-order terms in refraction; but the second-order terms are large and must be considered. 
It will be noticed that in Table 1 all the plates were taken within one hour of the meridian; this 
was done chiefly on account of the second-order refraction terms. In right ascension these are 


+ X? tan ¢ sin x (1 + tan? ¢ sin? x) 
+ 2XY tan? ¢ sin? x cos x 
+ Y? tan {sin x (1 + tan? ¢ cos? x); 
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here ¢ is the zenith distance of the base of the plate, and x the angle, pole—base—zenith. This 
formula gives the refractions in minutes of arc, X and Y being expressed in radians. For equatorial 
plates not too far from thé meridian we may write 


x = t-cotan ¢ 
tan ¢ = tan ¢ + I.o1??, 


¢ being the latitude (in this case 40° 29’) and ¢ the hour angle. The refractions may therefore be 


written with sufficient accuracy 
+ ¢-X? + 1.73¢- Y?. 


If ¢ is one hour, and X and Y have their maximum values (3° and 2°), this amounts to 0’’.07._ This 
is a maximum on three independent counts, or in other words it applies only in the corners of the 
plate taken farthest from the meridian; we have therefore neglected it. Even this small error is 
not really incurred, since square terms always have the same sign and their neglect is partially and 
automatically compensated by the value of the constant derived from a least-squares solution, 
the amount of compensation in this case being about 0.4 of the above value and reducing the 
effective error to about 0’’.04. Nor is there anything systematic in this error since it changes sign 
with the hour angle at which the plate was secured. 
The second-order terms in declination are 


+ X? tan ¢ cos x (1 + tan? ¢ sin? x) 
+ 2XY tan’ ¢ sin x cos? x 
+ Y? tan ¢ cos x (1 + tan? § cos? x) 


again in minutes of arc. Substituting for y and ¢, we have 
+ 0.86X? + 1.464X Y + 1.48Y?. 


The middle term is small for these plates, never reaching 0’’.04; the two other terms are inde- 
pendent of the hour angle and amount to 0”’.25 in the corners of every plate. We have therefore 
applied them throughout, constructing a table with Aa and Aé as arguments.- This correction 
is always negative. 

First-order aberration terms, like first-order refraction terms, are automatically taken care 
of in the least-squares solutions. Second-order aberration terms may be neglected, as in the 
extreme case, that is, in the corners of a plate taken at midnight, the correction in declination 
amounts to 0’’.037, and is always less than this in right ascension. 

For the determination of the plate-constants, I selected 602 comparison stars all: as close to 
visual magnitude 8.5 as practicable and distributed uniformly in right ascension. In declination 
the distribution is not uniform; they lie for the most part between + 1° and + 2° and between 
— 1° and — 2°, thus avoiding the central area; this distribution permits a better determination 
of some of the plate-constants. The observation of these comparison stars was kindly under- 
taken for us by Professor Tucker with the Lick Meridian Circle. His work extends from January, 
1914, to January, 1915, and is thus very closely contemporaneous with the taking of the photo- 
graphs. Each star was observed four times; from the accordance of the observations, Professor 
Tucker computes the probable error of a mean right ascension and of a mean declination to be 
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TABLE 2 
Tue LEAsT-SQUARES SOLUTIONS 


Plate a b l m k p.e. 

h m . . 

Oo Oo — 163 —709 — 0.002 —1510 —- 6 —2.10 +0.31 
0 12 — 744 — 49 — SY — 952 +0.43 26 
Oo 24 — 985 +251 674 =*740 —0.77 20 
Oo 36 = =335 aos + — 310 — 1668 —1.79 28 
Oo 48 — 12 — 18 — Gp eke — 1439 SUSY 13 
ir © + 118 —. 17 = — 540 fh +0.10 22 
TP t2 — 29 +135 - — 503 —1281 +1.77 31 
I 24 — 251 am tie + + 104 — 1695 —I.11 22 
i aXe — 58 +132 + — 311 — 1832 32 23 
1 48 = ae —142 a ree — 1699 +1.54 18 
a O — 123 — 283 — + 210 —1856 —0.70 19 
2 12 — 289 mae = + 395 — 1303 —3.98 23 
22 A: + ‘20 =< - + 131 — 1693 +0.62 30 
230 = 20 +120 - — 409 —1453 +1.75 23 
2 48 —1145 e777 — — 852 —1395 — 0.26 38 
a © — 271 +161 _ + 31 — 1385 +1.14 29 
a ey + 38 +145 - — 36 — 1532 —1.81 16 
3024 — 1166 = Gil + 3p BO — 1387 —0.05 27 
2aesO — 760 — 381 - + 908 = OEe +0.28 31 
3 48 — 222 + 43 + —= 3218 —1284 +1.74 14 
uh, | 6) — 1135 +128 + — 49 —1203 —0.90 19 
4 12 2333 oe i = + 265 — 1604 —0.35 31 
4 24 + 2096 — 83 - + 522 —=1226 — 0.07 24 
4 36 + 587 +151 _ — I5I — O11 +0.37 16 
4 48 — 939 —134 - + 868 — 1658 —0.85 24 
5 40 — 1248 + 82 - — 480 — 1609 +0.92 22 
5 12 — 1239 — 16 + + 264 — 1401 ran Uae 14 
5 24 — 76 +156 - — 247 — 1466 +0.04 I! 
5 36 + 171 +175 - — 402 — 1695 —0.20 23 
5 48 ap BA = AS = = 441 — 1249 +0.85 28 
(oy = = 6) + 58 — 22 - + 46 — 1682 +0.58 7 
Ge i2 ap Oa7/ Co) aF —— aS T —1158 — 0.96 24 
6 24 = lay — — + 199 —1211 — 0.08 21 
6 36 =O 43 = — 899 — 1203 +2.39 19 
6 48 ae = hy are — 2AT — 1346 2.33 16 
Vpn’) = oy +228 aeoe — 44 —1358 —1.52 I 
AD = ee + 64 — =—646 Gas ae 6 
7 24 get AH + <3 + + 130 — 1442 —2.45 25 
7 30 =a? - 28 -. — 39 —1527 +0.11 24 
7 48 =y 101 et4 =e + 73 —1783 —1.33 24 
8. 0 —SIG4 + 69 -. — 144 —156 —0.6 a 
8 12 ofa + 96 ote + 18 me f - 
8 24 Sally + 95 = — 113 — 1664 — 1.66 22 
8 36 a 59 + 16 a + 22 — 1634 +0.39 21 
8 48 a1 75 + 65 ete — 313 — 1508 —0.73 32 


The unit for a and m is .ooooo1; for b, .oooooor; for 1, .oooot. 
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TABLE 2—Continued 


Ne a a 


I+ o1++4++ 
I++ 
++ti+ +1 


bee le 


Jean Fe 


+. 
_ +. 
+ =e 
+ +. 
+ +. ~ 
+ +. 
+ +. 
+ +. 
_ +. 


btit +1141 
++t+4+ $1141 
b+) +4414 


+++++ | 
I++ +14+++ 41 


++it+ 41441 
| ++4++ 1 
+1 


++ti+ +1444 41 


+144 
++ 
++141 


The unit for a and m is .oooo01; for b, .cooo0001; for /, .oooot. 
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TABLE 2—Continued 


a 
Se 
ios) 
bo 


bti+ +414 
I+++ +4441 


++ 
+ 
+ 
+ ‘ 
+ 
+ 


The unit for a and m is .ooooo!; for b, .oooooo!; for J, .oooo!. 


0*.013 and 0’’.19 respectively. Full details of this work appear in Volume XV of the Lick Publica- 
tions, page 105. The adopted equinox is 1914.0. Auwers’ places were used for the fundamental 
stars. - 

The first step in the computations is to reduce the places of the comparison stars from the 
equinox of 1914.0 to that of 1875.0. This was done with the help of the precessions and secular 
variations printed for these stars in the Nicolajew and Albany zones of the Gesellschaft Catalogue. 

The average number of comparison stars on a plate is ten. For each of these. we computed. 
ideal coordinates. Least-squares solutions were then carried out for each coordinate separately, 
in the usual way. The results of these solutions are shown in. Table 2. The fifth and ninth columns 
give the probable error of one equation, that is, of the difference between the meridian place:and 
the photographic place of a star. The units and signs of the constants in the table are defined 
by the following statement: the corrected values of X and Y are obtained by applying to them 
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—aX — bY -6¢, 
— 1X — mY — k, 


where X is expressed in seconds of time and Y in seconds of arc. The arrangement of the com- 
puting ledgers is such as to make this choice of units the most convenient. _ 


4. EXAMINATION OF RESULTS 
This investigation follows closely along the lines already described in Volume 4, page (13); 
it will suffice to indicate here the various steps in brief form. We begin by taking all the differences 
in right ascension for the comparison stars, photographic minus Tucker’s meridian places, and 
we arrange them according to the part of the screw employed. For odd plates the effect of screw 
errors is opposite in sign, and we have accordingly reversed the signs of the differences for these. 
The results appear in Table 3. The average probable error of these corrections is .00023 mm, 


TABLE 3 


ADDITIONAL SCREW CORRECTIONS FROM A COMPARISON OF PHOTOGRAPHIC 
witH MERIDIAN RIGHT ASCENSIONS 


Additional | Corrections | Additional | Corrections 
Corrections Smoothed | Corrections Smoothed 


mm 
—.0012 


and the corrections run about as smoothly as we should expect. Differences in declination, 
arranged according to the part of the screw employed, might be used in the same way; but they would 
throw much less light on the corrections since they are concentrated around only two parts of 
the screw and they cover only two-thirds as great an extent of the screw. We have therefore not 
used the declinations for this purpose; but their indications are not inconsistent with Table 3. 
We next arrange the differences in declination, photographic minus meridian, according to 
the part of the way employed; again these differences should be reversed in sign for odd plates. 
The results are in Table 4. The average probable error of one correction is .00021 mm. We have 
not used differences in right ascension arranged according to way readings, for the reasons just 
stated in connection with the screw corrections; but so far as they go these give results consistent 
with Table 4. : 
We next arrange the differences in right ascension (photographic minus meridian) in the order 
of right ascension, first correcting these differences by the smoothed corrections in Tables 3 and 4. 
We thus obtain the second column of Table 5, in which the average probable error of the differences 
is .00022 mm. Although these differences are very small they show a decided tendency.toward 
negative values at the ends and toward positive in the middle. The interpretation is that there is 
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TABLE 4 


ADDITIONAL Way CORRECTIONS FROM A COMPARISON OF PHOTOGRAPHIC 
WITH MERIDIAN DECLINATIONS 


Additional Additional 


Mean Mean | é 
Way Reading Corrections Way Reading Corrections 


mm mm 
109 : 194 
123 206 
134 218 
146 230 
158 242 
170 253 
182 267 


TABLE 5 


DIFFERENCES IN RIGHT ASCENSION, PHOTOGRAPHIC MiINus MERIDIAN, 
ARRANGED ACCORDING TO Aa 


Mean | Mean | Biferense | No | ateon | atean | Riternss | NP 
ha Difference for p and c’ Stars Aa Difference for p and c’ Stars 
min mm mm min mm mm 
—I11.0 — .0004 -++.0002 97 + 0.8 +.0004 + .0001 72 
— 9.2 a 4 ae I 94 + 2.5 “F 4 ne I 91 
aco 2 aa : 13 + 4.2 + 3 = I 79 
=6.8° 1 1 og + 4 86 BE A os a4 S 82 
— 4.2 Piste 4 = ene 94 +°7.5 nS +, ea 87 
— 2.5 an I = 2 71 + 9.2 = 7 = 4 77 
— 0.8 + 2 _ I 93 +11.0 - 5 + I 119 


present a small systematic error in the right ascension of the base. This introduces an error of 
the form | 
p-X?+q:-XY 

but the second term disappears in taking the means, since positive and negative values of Y 
appear to about the same extent. Further, since p-X? always has the same sign, its neglect has 
been partly compensated for in the least-squares solution by a modification of the constant c, this 
modification amounting to one-third the extreme value of p- X? for a uniform distribution in right 
ascension. Making a least-squares solution of the data in Table 5 on this basis we get 


c’ = + .00030 mm, 
p = — .000 000 15 
+ 30 

if X is expressed in millimeters. A similar systematic error in the same direction was found in the 
zone 50° to 55°, but the present value of p is much smaller. It corresponds to 0.4 mm in the linear 
displacement of the base, the probable error being less than 0.1 mm. Considering the necessary 
complexities in determining the geometrical position of the base, this deviation is not surprising. 
And it is sufficiently close for the present purpose; the extreme error in right ascension caused by 
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this value of p amounts to — 0’’.137 but the modification of c reduces this to — 0’’.og1._ If astar is 
situated so as to incur this maximum on one plate, then its position on the other plate makes the 
correction + 0’’.046, and the mean of the two is therefore in error by only 0’’.023. The presence 
of ~ also introduces an error into the declinations; this is of the form 
p:-XY 

and amounts to 0’’.091 in the corner of the plates. The mean of the two declinations of the same 
star may be in error by 0’’.046. This is twice as large as the extreme error in right ascension but 
‘it is much less frequent since to incur it a star must be near the corner of a plate, not merely near 
the east or west edge. 

If we correct the differences in Table 5 for the values of p and c’ that we have derived from them, 
we obtain the numbers in the third column of that table. These are small and accidental in char- 
acter and we might conclude at once that no sensible optical distortion can be present, but it is 
instructive to examine the data in some detail from this point of view. It is obvious that if there 
is present an optical distortion which varies directly as the distance from the center of the plate, 
or nearly in proportion to that distance, it will automatically be allowed for by the presence of a 
scale-value term in the least-squares solution. Let us assume for the moment that the distortion 
is proportional to the cube of the distance, with the coefficient g. It will then be represented by 

g(X? + Y*)372 
and the component in the X direction will be 
g(X? + XY). 
But even such a distortion will be modified by the presence of the scale-correction a; their differ- 
ence (or the modified distortion) is then 
g(X? + XY’) — a-X; 
a will have been determined so as to make the sum of the squares of these quantities a minimum: 
We must first take the mean of all those that have the same X, as we have done in forming Table 5. 
If the comparison stars were uniformly distributed on the plates, the mean value of Y? would 
be 4 of the extreme value of Y?, namely, $ if Y is expressed in degrees. But these stars are not 
uniformly distributed, the mean value of Y? being close to 2, as ascertained by averaging this 
term in the various least-squares solutions. Our mean distortion in X, then, for any particular 
value of X is 
BXe 2X) "aX; 


its square is 
g?(X® + 4X4 + 4X?) — 2a-g-X(X3 + 2X) + a®X? 


and the integral is 


2 cae | 4 ) 2 4 I 
o2@{  4+4X5 4+ 4X3 |) —“aq-9-X5 — ta-9-X3 + — a?X3, 
‘ ( i thee 3 Bee a 3 


The limits being X = 0 and X = 3°, this becomes 
543g” — 133.2a-g + 9a’. 
Differentiating with respect to a and equating the result to zero, we have 


a = 7.48, 
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and consequently the modified distortion in X is now 
g(X* + 2X) — a-X = g(X* + 2X) — 7.4¢°X = g-X*® — 5.4g-X. 


In Table 6, the first column is the same as in Table 5, and the second. is copied from 


TABLE 6 
OpTIcaAL DisTORTION (CUBIC) IN RIGHT ASCENSION 


Corrected Cubic Distor- Modified Corrected Cubic Distor- Modified 
Difference tion in X Distortion ~ Difference tion in X Distortion 


—0.25 : +0.02 

0.00 +0.06 
+0.13 T- Oak, 
+0.18 +0.23 
+0.17 +0.39 
+0.12 +0.64 
+0.04 +1.00 


+i+i44+ 


column three of that table. The third column is the unmodified or pure distortion in X equal to 
g-X3 + 2g-X, g having been chosen so as to make the first and the last of these in the table equal 
to unity. The fourth column gives the modified distortion computed from g-X* — 5.4g-X, with 
the same value of g. Columns 3 and 4 are very different from each other and show us how com- 
pletely the presence of a cubic distortion is compensated for by the introduction of a linear term. 
In searching for cubical distortion it is by no means a cubical term we should expect to find in the 
mean differences, but a term that runs as indicated in the fourth column of Table 6. This column 
shows no appreciable correlation with the second column and we may conclude that if optical 
distortion of this kind is present at all it can amount at most to only a small fraction of a micron 
even at the edges of the plate. 

This conclusion applies strictly to cubic distortion only, but in practice it applies well to any 
other plausible law of distortion. The nearer this law approaches linear distortion the more 
completely will it be compensated for by the presence of the scale-value term; and for higher 
powers than the first the modified distortion in X has the same general run as that exhibited in 
the fourth column of. Table 6.* No reasonably simple law whatsoever will account for any con- 


*Mr. Paul Slavenas (Fellow of the International Education Board) has at my request carried through the 


following computations for the case of quadratic distortion, g(X? + Y?). The component in the X direction is 
ge X(X?2 + Yy?)i2, 


Taking the mean of this from Y = 0 to Y = 2°, we have 


I x 
— 0X 4 2(X?2 VE) Ss GP Vee Ne 
4° ae O82 + (X? + 4) 
The modified distortion is then this quantity diminished by a-X. Squaring this difference, integrating from 
X = oto X = 3°, differentiating the result with respect to a, and equating this differential to zero, we obtain 
a = 2.548. - 


The following table gives both the quadratic distortion and the modified distortion for the same values of Aa that 
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siderable part of the numbers in the third column of Table 5.. In any case these numbers are so 
small that we may safely conclude that no appreciable optical distortion is present, or at least 
that if a slight effect of this kind does exist it is well taken into account by the introduction of a 
scale-value correction in the least-squares solution. An additional test of the presence of optical 
distortion appears later when we compare the two sets of photographic positions, preceding and 
following. 
TABLE 7 
DIFFERENCES IN DECLINATION, PHOTOGRAPHIC Minus MERIDIAN, 
ARRANGED ACCORDING TO DECLINATION 


Mean Mean No. of Mean Mean 
Declination Difference Stars Declination Difference 


mm mm 


+1.8 + .0005 ., -+.000 
+1.4 2 5 
+0.8 = 5 


In Table 7 we have collected the differences in declination (photographic minus meridian) 
according to declination, first correcting them for additional screw and way corrections. These 
numbers are small and show no systematic run; we conclude that these differences, so far as they 
go, indicate that the base is not systematically in error in this direction and that optical distortion 
is small. 

None of the above determines with much weight whether there is present a systematic error 
in the declination of the base. As the plates extend only 4° in this direction (as against 6° in right 
ascension), an error here is of lessimportance. Nevertheless, chiefly as a matter of general interest 
the following test was made. The differences in right ascension, photographic minus meridian, 
after being corrected for additional screw and way errors, were collected into 84 means, each one 
referring to a rectangle a little less than half a degree wide in right ascension and from one-third of 
a degree to a whole degree high in declination. Assuming that there are present systematic errors 
in the position of the base in both directions and calling these p and q respectively, each of these 


Quadratic Modified Quadratic Modified 
Distortion Distortion Distortion Distortion 


+0.03 


+0.10 
+0.20 
+0.33 
+0.50 
+0.72 
+1.00 


appear in Table 6, for which cubic distortion was assumed. We see how closely the modified quadratic distortion 
follows the modified cubic. Had we used quadratic distortion above, our conclusions would not have been modified 
in any essential. The same can be shown to hold for distortion that varies with the fourth power or with any 


combination of powers at least as far as the fourth. 
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means (m) gives an equation of condition of the form 
a +p-X?+q-XY =m, 
c: being introduced to allow for the compensation in this constant term that has taken place in 


the least-squares solution for each plate, on account of our neglect of the term in the square of X. 
The solution of these four equations gives 


¢1 = + .00036 mm, 
ke 10 

p = — .000 000 I5 mm, 
Se 028 

gq = — .000 000 15 mm, 
= 032 


for which X and Y are expressed in millimeters. It will be noticed that this value of p agrees 
exactly with the value already derived and that g comes out equally large. The maximum error 
due to c,; and p combined is only 0’’.045. That due to g may reach 0’’.09, but this is of very 
rare occurrence as the star image must be in the very corner of the plate to produce it. 

Similarly we have treated the corresponding 84 mean differences in declination, each of which 


yields an equation of the form 

ki+p-XY +q:-Y? =m. 
Their solution gives 

k, = + .00029 mm, 


me 12 

p = — .000 000 II mm, 
st 030 

g = — .000 000 18 mm. 
Se 065 


These have less weight than those from the right ascensions, but the two sets of values agree well. 
The maximum error in declination from this value of p is 0’’.067, occurring only at the corners of 
the plate. The maximum error due to k; and g combined is 0’’.037. 

The sum of the effects of all the additional errors we have derived is a considerable quantity 
in the case of the right ascensions and should be applied. Those for the declination are smaller 
and before applying them it will be well to examine the differences between the coordinates for 
the same star upon the two plates, preceding and following. These differences are very numerous 
(about 7100) and their probable error is small (less than 0’’.3 in each coordinate). Before doing 
this I have applied to the right ascensions 


— .00036 mm + .000 000 15 X? + .000 000 15 XY 


and the smoothed screw corrections from Table 3. No correction was applied to the declinations. 

Table 8 gives the mean difference in right ascension, preceding minus following, arranged 
according to screw readings, two of these being involved in each difference. All these mean 
differences are small. The probable error of one of them is on the average .00015 mm. If 
we first consider them from the point of view of additional screw errors, we get the numbers in Table 
g; these are very small and we conclude that the screw corrections actually applied in right ascen- 
sion are adequate. If we now examine Table 8 from the point of view of an additional error in 
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TABLE 8 


DIFFERENCES IN RIGHT ASCENSION, PRECEDING Minus FOLLOWING, ARRANGED ACCORDING TO 
s Screw READINGS 


Screw Readings Screw Readings 
Mean Aq@ on a Bh el a ee es 8 Oe Mean NS eS oe Se ei ee eee Mean 
Preceding Plate Difference No. of Stars Difference No. of Stars 
Even Plate Odd Plate Odd Plate Even Plate 


the position of the base, we likewise conclude that nothing sensible of this kind is shown. What 
we should expect if such an error were present is a linear progression in the mean differences, in 
the same direction for both columns 4 and 8 of the table. 


TABLE 9 
ADDITIONAL SCREW ERRORS FROM TABLE 8 


Screw Sum of the Screw Sum of the 
Readings Two Errors Readings Two Errors 


mm 
-+.0002 


It remains to examine Table 8 for evidence of optical distortion. This naturally follows along 
lines similar to those that apply to Table 5, but we must remember that now the stars are uniformly 
distributed in declination and that Table 8 deals with differences between preceding and following 
plates. Again for the moment assuming cubic distortion, we have on the preceding plate 


g(X + $X). 
OC 4 ix) aX. 


The modified distortion is then 


Determining a as before, we obtain 
a = 6.73g 


54); 


and the modified distortion is 
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on the following plate, X becomes X — 3, expressed in degrees; and here the modified distortion is 
g(X? — gX? + 21.6X — 10.8). | 
The difference between the two, preceding minus following, is 
= -g(9X? — 27X + 10.8) = 9g(X — 1.5)? — 9.458. 
Let us compare this with the difference between the two unmodified or cubic distortions: 
o(X* 4-9.33X) — eX — OX a7 X — 27 + 1.3gX —4) = Os. as) Opes 

We notice that this is the same as the difference of the two modified distortions except for a con- 
stant, and we have therefore this interesting result: although the introduction of a linear scale 


term greatly modifies the character of a cubical distortion, yet the differences between preceding 
and following right ascensions show the same run whether the modified or the unmodified distortion 


is present. 
TABLE 10 


OptTicAL DISTORTION IN RIGHT ASCENSION FROM THE DIFFERENCES, 
PRECEDING MINuUs FOLLOWING 


4 ; A : 
Preceding Mean Cubic Preceding Mean Cubic 
Plate Difference Distortion Plate Difference Distortion 


mm 
+.0003 +0.28 


I +0.22 
2 +0.18 
I +0.14 
2 +0.12 © 
2 ‘+0.11 


Let us now examine the numerical results in the light of these deductions. The first column of 
Table 10 is the same as in Table 8, and the second is the mean of columns 4 and 8 in that table. 
The third column gives the cubic distortion, computed from the last formula with g taken as unity; 
or in other words this column gives the coefficients of g. Although the numbers in the second 
column are very small, there is an unmistakable correlation between them and the coefficients of g. 
Making a least-squares solution with equations of the form 


+ 28g + ¢ = + .0003 mm, 


+ 22g +c ='—..000I, 
etc. etc., 
we get 
g = + .00003I , 
eh 
c¢ = — .00070 mm. 
a= 10 


With this value of g the right ascension from a single plate would be in error by 0’’.066 for an 
image situated in the corner of the plate, and the mean of the two right ascensions can never be 
in error by more than 0’’.033. 
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Instead of assuming the distortion to be cubic we might equally as well have assumed it to be 
quadratic; starting from the data in the footnote on page (14), we should have gotten numbers in 
the third column of Tableto that do not differ in their general character from those that appear 
there, and our results would not be essentially modified. 

We have now completed our investigation of this possible source of error. Our final conclusion 
is that nothing of this sort need be feared or need be applied on photographs of these angular 
dimensions taken with this lens. This conclusion is based not merely upon the present work, but 
is borne out by the equally rich data in the zone 50° to 55°, published last year. In order to be 
able to deal mathematically with the distortion, I have (for the most part) assumed it to be a cubic 
term; but as I have already remarked, our conclusions would not be altered in any essential if 
other plausible laws were assumed. In fact this distortion, if it exists at all, is too small for us 
to be able to say what form it takes. 

We next arrange the differences in declination, preceding minus following, according to screw 
readings. The average probable error of one of the mean differences in Table 11 is .ooo1! mm. 


TABLE 11 


DIFFERENCES IN DECLINATION, PRECEDING MINUS FOLLOWING, ARRANGED ACCORDING TO 
SCREW READINGS 


Screw Readings Screw Readings 
Mean 2 a RR ee oe Mean F pee tee tM eis Ee Ei ee Mean 
Declination Difference Difference 


Even Plate Odd Plate Odd Plate Even Plate 


Examined from the point of view of screw errors these numbers give those in Table 12. It will 
be seen that these corrections confirm very closely those actually applied to the right ascensions 
derived in Table 3. The corrections in this table exhibit a high degree of symmetry with respect 


TABLE 12 


ADDITIONAL SCREW CORRECTIONS DERIVED FROM TABLE II 


Screw Sum of the Those Actually Applied 
Readings Two Corrections in Right Ascension 


mm 


+ .0001 
4 4 


if 
18 
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to the center of the screw, at reading 138 mm. As aconsequence of this symmetry it is not neces- 
sary to apply additional corrections to the declinations; for the mean of the two declinations of 
any one star cannot be affected by more than a quarter of a micron, corresponding to 0’’.03. 

In Table 13 appear the means of the differences in columns 4 and 8 of Table 11. These are 


TABLE 13 


DIFFERENCES IN DECLINATION, PRECEDING MINUS FOLLOWING, 
FREED FROM SCREW ERRORS 


Mean Mean Mean Mean 
Declination Difference Declination Difference 


mm 6 

+ .0001 +0.25 
2 2 +0.75 
Sip 3 +1.25 
ee +1.75 


independent of screw errors; they are very small and show no progression. So far as this table 
goes, it indicates then that the position of the base in right ascension is not systematically in error. 
This contradicts the indications from an examination of the differences in right ascension, whence 
a small error of this kind was derived. But the indications from right ascension have much more 
weight than those from declination, since the plates extend only 4° in the latter coordinate against 
6° in the former. 

We next arrange, in Table 14, differences in right ascension, preceding minus following, accord- 


TABLE 14 


DIFFERENCES IN RIGHT ASCENSION, PRECEDING MINUS FOLLOWING, ARRANGED ACCORDING TO 
WaAyY READINGS 


Way Readings Way Readings 
Mean Mean No. of Mean No. of 
Declination Difference Stars capes Ae aa ae haan i mn erence Stars 
Even Plate Odd Plate Odd Plate Even Plate 
mm mm mm mm mm mm 
239 137 — .0001 611 137 239 +.0008 632 
224 152 =P I 404 152 224 Ce) 436 
209 167 = { Add 167 209 re 5 437 
195 181 - 4 420 181 195 = 3 406 
181 195 _ B: 415 195 181 — 2 431 
167 209 = 4 434 209 167 a 6 413 
152 224 — 4 401 224 152 _ 8 412 
138 238 — 4 420 238 138 = i 2 382 


ing to the reading on the guiding way. These differences are small and show no pronounced 
systematic run; they indicate very small additional way corrections. 

Finally we arrange, in Table 15, differences in declination according to way readings. Exam- 
ining these for additional way corrections, we get Table 16; these agree well with the indications 
from a comparison with the meridian places of the comparison stars as set down in Table 4; but 
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TABLE 15 
DIFFERENCES IN DECLINATION, PRECEDING MINuUs FOLLOWING, ARRANGED ACCORDING TO WAY READINGS 
~ 


Way Readings Way Readings 
Mean Aa on Mean Mean 
Preceding Plate Difference Difference 
Even Plate Odd Plate Odd Plate Even Plate 


3 
3 
3 
3 


mm 
184 
177 
170 
163 
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fe) 
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fe) 
fe) 
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16 


156 
149 
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135 
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127 
120 


113 
106 
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the indications from Table 14 are not as consistent with either Table 4 or Table 16 as we should 
expect from the accidental errors. However, all three of these tables agree in implying small 
additional way corrections. 

TABLE 16 


ADDITIONAL WAY CORRECTIONS FROM TABLE I5 


Way Sum of the Way Sum of the 
Readings Two Corrections Readings Two Corrections 


mm 
TSAre ra 


yy gee 
T7Onre 


GBs 6 o¢ 
1S Gre 
TAQ see 


It will be noticed that in Table 15 both the fourth and the eighth columns show a tendency 
toward decreasing numbers in going from top to bottom. This can be accounted for by the 


presence of a small term 


+ s-X? 
in the Y coordinate. The difference, preceding minus following, will then be affected by 
+ 171s-X — 7300. 
A least-squares solution of the numbers in Table 13 gives 
§ = — .000 000 I0 


if X is expressed in millimeters. An empirical term of the same form and sign and of nearly the 
same size was found in discussing the zone 50° to 55°. Its presence further explains why the fourth 
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column of Table 15 is predominantly positive, and the eighth predominantly negative. This term 
amounts at most on these plates to 0’’.06, and the mean of two declinations can be affected by 
at most 0’’.02. 

We proceed to determine the amount of magnitude distortion, that is, the apparent shift of a 
bright image toward or from the center of the plate, due to spherical aberration or similar causes. 
At the same time that the position of each image was being measured an estimate was made of its 
diameter, using as a standard distance the separation of two spider threads in the micrometer 
eyepiece. It is evident that we can get no information as to this distortion by comparing the 
photographic with the meridian places of the comparison stars; for the latter were all selected as 
close to magnitude 8.5 as possible (that being approximately the mean magnitude of all the stars 
in the zone), and a divergence of more than half a magnitude from this value applies to very few 
of the comparison stars. Nor can we hope to get information of value concerning magnitude 
distortion from an examination of the differences in declination, preceding minus following; for 
the plates do not overlap in declination and so both declinations are affected nearly to the same 
extent on the two plates. Our chief and practically our only source of information must be the dif- 
ferences in right ascension, preceding minus following. 

For the present purpose I selected all stars (430 in number) the diameters of whose images on 
the even plate were estimated as 5 or greater on our arbitrary scale. In the neighborhood of each 
I selected a star whose image is small. For each star we took the difference in right ascension, 
preceding minus following, and these are collected in Table 17. 


TABLE 17 
MAGNITUDE DISTORTION IN RIGHT ASCENSION 


Preceding Minus Following 
Mean Aa 
on Even Plate 
Bright Stars Faint Stars 


3 
3 


+ 
“ 
+ 
4+ 
+ 
4. 
a 
+- 


— Lal = 
PhuMonnn o 


+ 
[) 
io) 
° 

I 

No) 


.00064 


sran 
Grand Mean enon 


These numbers show very clearly that with this camera a bright star is photographed farther 
from the center than would be the case for a faint star whose celestial position is precisely the 
same. Let us now see whether the table can tell us anything definite as to the way in which this 
distortion changes with the position of the image on the plate. If it increased directly with this 
distance, then the distortion in X would be proportionate to X and consequently the difference 
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between preceding and following would be the same for all stars on the plate. As the probable 
error of one mean difference in Table 17 is .0003 mm, it will be seen that these differences might 
be regarded as constant without doing violence to this degree of precision; this is particularly 
true of the faint stars. 

If the magnitude distortion were equal to the square of the distance from the center multiplied 
by some constant M, then the component in right ascension would be 


M -X(X? + Y?)1/2 
on the preceding plate, and 


M(X — 85)(X2 + Y? — 171X + 7300)"2 


on the following, and the numbers in Table 17 should then be proportionate to the differences 
between these two expressions. Computing the resulting coefficients for M, we find that they are 
1.57 times as large for both the top and bottom of the columns as for the middle. This is decidedly 
not the case for the faint stars, but the results for bright stars would, in view of their probable 
errors, stand this interpretation. 

If we assume the magnitude distortion to be proportionate to the cube or any higher power 
of the distance, we are led to results that are totally at variance with the table. Weconclude that 
the magnitude distortion increases with some power of the distance probably between the first 
and the second. This is as close a statement as the data warrant, and for our present purpose it 
is as close as need be. 

Assuming for the moment that the distortion is proportionate to distance from the center, then 
those of our brightest stars that appear near the east or west edge of the plate would have their 
right ascensions on that plate affected by 0’’.10; the mean right ascension for the two plates 
could never be affected by more than 0’’.05, the average error being half this quantity. In declina- 
tion the position of a bright star might be affected by as much as 0’’.065, and the mean declination 
by the same amount. Very faint stars would be affected by slightly less amounts, in the opposite 
direction for similarly situated images. 

If this distortion were assumed to be proportionate to the square of the distance, then the right 
ascension of bright stars near the corners of a plate would be in error by about 0’’.12, but their 
mean could never be in error by more than half this quantity. On the same assumption the declina- 
tion from one plate might be in error by 0’’.07 for a star in the corner of a plate; the mean 
declination from two plates would then be in error by less than 0’’.06. 

These results agree with those derived from a discussion of magnitude distortions in the zone 
50° to 55°, the present numerical values being somewhat smaller than in that case but showing 
the same general character. 

As the plates for this zone were taken at considerable zenith distances (42° on the average), 
our declinations may be affected by a sensible term arising from atmospheric dispersion and 
depending upon the color of the star. This can be tested by arranging all the differences for the 
declinations of the comparison stars, photographic minus meridian places, according to the 
spectrum, which is available for all but 37 of these 602 stars. The results appear in Table 18. 
Only ten of the stars belong to Class M, and for them the difference is discordant; for the others 
there is a very accordant progression in the direction we should expect. Few of our stars belong 
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TABLE 18 


DIFFERENCES IN DECLINATION, PHOTOGRAPHIC 
Minus MERIDIAN, ARRANGED ACCORDING 
TO SPECTRA 


Mean Difference No. of Stars 


e) 
p 
D 
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+0’’.100+0'’.031 
52+ 
ies 
22st 
54+ 
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B 
A 
F 
G 
K 
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to Class B, for which this error amounts to 0’’.1; for the others it is small. Although this error is 
systematic in character and is not diminished in the mean of our two positions, I have not applied 
corrections for it. This is chiefly because the class of spectrum for many of our stars is still 
unknown, and I have thought it better to omit it altogether rather than apply it merely to the 
majority of stars. This omission will not be of importance for any one star. If, for example, the 
proper motion of a star is derived by comparing the present with earlier catalogues compiled from 
visual observations, then the proper motion in declination may be in error (on account of the 
neglect of the effects of atmospheric dispersion) by a quantity of the order of 0’’.001, or about twice 
that amount if the star is one of the few that are of Class B. These are much smaller than the 
accidental errors. If, however, we derive in the same way the proper motions of many stars and 
discuss them as a whole, the presence of this error should be kept in mind. The average proper 
motions of Class B stars, for example, are very small, and a systematic error of 0’’.002 becomes 
important for them; if it were not allowed for, we should be led to compute a declination of the 
sun’s way as referred to these stars that might easily be in error by several degrees on this account. 

Our comparison stars, upon whose declinations Table 18 is based, have an average visual magni- 
tude equal to 8.5 and none of them depart by very much from this brightness. This is also about 
the average magnitude of all the 7100 stars in our catalogue. But it is known that the effective 
wave-length as derived from photographs is not the same for short exposures as for long; or what 
is the same thing, it is not the same for a bright and a faint star of the same spectral class photo- 
graphed on the same plate. This can be tested by comparing our positions with those in the PGC, 
with which we have 188 stars in common. This comparison has been made and I intend to deal 
with it (and some related matters) more fully elsewhere. For the present it will suffice to say that 
this comparison indicates that differences of effective wave-lengths are exaggerated for bright 
stars but the effect on our plates is not great enough to affect our positions by any considerable 
amount except possibly for a very few bright stars of Classes A and B. 


5. FORMATION OF THE CATALOGUE 
As a consequence of the discussion just completed I have decided that no further corrections 
are necessary, that is, none beyond those already applied and described on page (16). Though 
some additional errors of the order of 0’’.1 have been revealed, the combined effect on the mean 
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of the two coordinates is never more than a few hundredths of a second of arc. For example, 
although we have applied to the right ascensions the additional screw corrections that are indicated 
in Table 3, we have not applied them to the declinations because for this coordinate the corrections 
on the two plates very nearly annul each other and the mean declination is left practically unaltered. 
Similarly we have not applied tilt corrections to declinations (due to a systematic error in the 
position of the base), though we have applied them to the right ascensions; this is a consequence 
of the shape of the measured regions which cover half again as much angle in right ascension as in 
declination and these terms are on the average only about half as great in the latter coordinate. 

In forming the catalogue for the zone 50° to 55° we have applied corrections for magnitude 
distortion to the bright stars. We have not applied them here, because first, the coefficient of this 
distortion is somewhat smaller; and second, the shape of these plates makes this correction less 
important. In either case the effect of magnitude distortion on the mean right ascension is small, 
while that on the mean declination is here smaller than for the more northerly zone (other things 
being equal) because of the smaller extension of the plates in that direction. 

The catalogue that follows relates only to the stars in the Nicolajew Zone, — 2° to + 1°. . The 
positions of the 1275 stars that we have measured between + 1° to + 2° are published in brief form 
in these Transactions, Volume 3. 

The first column of the catalogue gives the Gesellschaft number of the star as assigned in the 
Nicolajew Zone. All the numbers are included even though some of the stars were not measured; 
in each case the reason for the omission is given. A frequent cause for this is duplicity as we re- 
jected for measurement not only those stars obviously double (but not fully separated) on the 
plates, but also a greater number of close pairs which a study of Burnham’s General Catalogue 
indicated that it is too hazardous to say to what point between the two stars the measures really 
refer. We have, however, retained double stars for which this ambiguity is small; that is, pairs 
in which one component is much brighter than the other, pairs for which the magnitudes are nearly 
equal, and pairs so close that the ambiguity cannot exceed one or two tenths of a second. Even 
in these cases notes are added at the bottom of the page giving the number in Burnham’s Catalogue, 
the two magnitudes, and the separation. Altogether 121 stars were omitted: 46 because of duplic- 
ity, 55 because they are too faint, 14 because they are too bright, 2 because they lie far outside 
the limits of the zone, 3 because of a defect on one or other of the two plates concerned, and one 
object that appears on the plate as an ill-defined nebula. 

From the Nicolajew volume we have also taken the visual magnitudes, the precessions and 
secular variations, and the B.D. numbers. 

The spectra were kindly communicated in advance of publication by the late Professor Picker- 
ing; they have since appeared in the Henry Draper Catalogue. 

The epoch of observation, the mean of the dates of the two plates involved, is given at the foot 
of each page. 

The use of the equinox 1875.0 for observations made nearly forty years later is so radical a 
departure from the usual practice that a word of explanation is in order. This catalogue will 
doubtless be occasionally used in the future as a source of comparison positions for comets and 
asteroids; in such cases the choice of so remote an equinox as 1875, instead perhaps of 1925 or 
1950, will be a disadvantage since a little more computing may be involved in bringing our posi- 
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tions up to the epoch of such observations; the secular variations will have to be more frequently 
applied, and the precession itself will have to be multiplied by larger factors. But the difference in 
labor is only slight and in any case the use of the positions for such purposes will be rare as com- 
pared with their use for determinations of proper motion. For this application the choice of 
1875 will save a great deal of labor. In every such case the Nicolajew positions for these same 
stars will of course likewise be used and then we need apply no precessions to our places at all, 
but may use simply the differences, photographic minus Nicolajew, printed herewith for each star. 

It may well be that now or in the future computers may wish to use precessions based upon 
precession constants different from Struve’s, which were used for the Gesellschaft Catalogue and 
here. If so it will only be necessary to apply a small constant (39Am) to all our right ascensions, 
and a small periodic term (39A”-cos e) to our declinations, in order to reduce them to what would 
have been obtained had we used precession constants that differ from those of Struve by the 
quantities Am and An. These terms can be included with other systematic corrections that future 
computers will doubtless wish to apply, and will therefore involve practically no additional labor. 

The use of the equinox 1875 has saved us a great deal of computing in forming the present 
catalogue, so much indeed that this advantage alone would have justified its choice. In this work 
we have had to deal with precession only to reduce the meridian places of the 602 comparison stars 
from 1914 to 1875. If we had chosen some other equinox, say 1925, we should not only have had 
to bring these 602 positions up to 1925, but we should have had to compute and to print the 
precessions at that equinox for all our stars, more than 7000 in number. And finally, in order to 
compare our positions with those in the Nicolajew volume, we should then have had to apply 
precessions for an interval of 50 years to all our 7100 stars. 


6. ON PROPER Motions 

In the catalogue for the zone 50° to 55° we gave the proper motions for nearly all the stars and 
the probable errors of these motions. These were derived from a simple comparison with the 
Harvard observations made forty years earlier. Not much improvement would be made by 
including whatever miscellaneous early observations of these stars exist, and the slight gain in 
accuracy obtained by including them would be offset by the forfeiture of the homogeneity that 
follows from the comparison of the same pair of catalogues for each star. 

These remarks do not apply to the present zone. Proper motions derived from a simple 
comparison with the Nicolajew positions are not as accurate, and they can in general be consider- 
ably improved by the use of other catalogues. The average epoch of the Nicolajew observations 
is 1884, which is about eight years later than the average for the Harvard observations; the weights 
of the proper motions will on this account be reduced by one-third. Again the Nicolajew observa- 
tions are less accurate than the Harvard, the weights assigned in the PGC having a ratio of about 
four-fifths in both coordinates. Finally the average number of observations for each star is 3.1 
in the Harvard zone as against 2.3 in the Nicolajew; the latter's weights are on this account 
again less by a factor of about 0.8. On all three accounts the average weight of a proper motion 
derived from a simple comparison between the present positions and those in the original catalogue 
would have an average weight only 0.4 as great as that of the corresponding data in our Volume 4. 

In the Harvard zone the miscellaneous earlier observations can be ignored with less hesitation 
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than in the present zone, for the equatorial belt has for many years been a favorite field for the 

labors of meridian observers. A thorough discussion of this rich material will be well repaid by 
the large number of fairly accurate proper motions that would undoubtedly be forthcoming. 
It is to be hoped that this task may soon attract the attention it deserves. 

Although we have in every case computed the proper motions by comparing with the Nicolajew 
places, I have decided not to print them as such, for the reasons just given. But as these proper 
motions, inferior though they may be, would serve a useful purpose in pointing out which stars 
have small motions and which have large, the catalogue gives in each case the differences in the 
two coordinates and the difference in epoch between the Nicolajew catalogue and ours; simple 
division will then give at least an approximate idea of the motion. In taking these differences, the 
systematic corrections assigned in the PGC to the Nicolajew positions have first been applied; 
the present photographic positions have been used just as printed. 


7. ACCURACY OF THE CATALOGUE 
We selected 1200 stars at random from our catalogue and found for them the average difference, 
preceding minus following, for both coordinates. Multiplying these by half of 0.8453, we obtain 
for the probable error of a catalogue place the mean of the positions on two plates, 


Ina, + 07.139 --- In6, + 0.137. 


It will be of interest to see how far this depends upon the magnitudes of the stars. We collect 
similar differences for the 334 stars whose magnitudes are given as 9.2 in the Nicolajew catalogue, 
and obtain in the same way for the probable error of a catalogue place 


a,+0’’.160 +--+ 6, +0’'.166. 


We conclude that the accidental error for these faint stars is about one-sixth greater than for the 
average for all. We next collect these differences for the 188 stars common to the PGC; these are 
the brightest stars that we have measured, their average visual magnitude being 6.2. These 
differences yield for the probable error of a catalogue place 


a, +0.182 +--+» 6, +0”.165, 


which are considerably greater than the general average. The best images to measure are those 
of the comparison stars whose magnitudes are all close to 8.5, and which present small black images. 
From these 602 similarly formed differences we obtain the probable error of a catalogue place 


a, +0".105 --- 6, 407.106. 


These are, as we expected, somewhat smaller than the general average, the ratio being about 0.8; 
and they are considerably smaller than for very bright and for very faint stars. 

A better way to estimate the accuracy of a catalogue is to compare it with some other set of 
positions whose accuracy is known in advance. Twosuch sets are available: the 188 stars common 
to the PGC of Boss, and our 602 comparison stars observed by Professor Tucker. Table 19 gives 
the difference from the PGC right ascensions, which were first reduced to the equinox 1875.0 and 
then brought up with the PGC proper motions to the epoch of our plates. The means are shown 
for each hour of right ascension. These differences have been assumed to be constant from 19* 
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TABLE 19 
DIFFERENCES IN RIGHT ASCENSION, PHOTOGRAPHS Minus PGC 
Mean Mean Smoothed No. of Mean Mean Smoothed No. of 
Right Ascension Difference Difference Stars Right Ascension Difference Difference Stars 
h s s h s s 
0.5 +.038 +.023 10 12.5 +.010 +.008 4 
1.5 + 31 + 23 12 13.5 + 6 6) 5 
2.5 + 10 ar 23 5 14.5 — II —- 4 9 
3.5 + 10 123 9 15.5 (0) —- 4 6 
4.5 + 37 + 23 4 16.5 0 nO, 7 
5:5 +s 23 “523 15 17-5 = eae “ret0 7 
6.5 se oul ap 23e 10 18.5 + 37 ae Tx 7 
75 +520 + 23 5 19.5 eae: 7 425 II 
8.5 + 41 + 23 6 20.5 + 34 + 23 8 
9:5 ake 7 ae ee 3 21.5 a tS 23 7 
10.5 + 32 + 23 I2 22.5 + 24 =p Be 7 
11.5 = aF TG 6 23.5 ae US ae BR 13 


to 10"; from 11» to 185 they are unmistakably smaller, and in this region the smoothed values 
shown in the third column have been adopted. 


TABLE 20 
DIFFERENCES IN DECLINATION, PHOTOGRAPHS Minus PGC 


Mean Mean Smoothed Mean Mean Smoothed 
Right Ascension Difference Difference Difference Difference 
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Table 20 gives similar data in declination. Here the differences follow a sine curve; a least- 
squares solution of the data in the table gives for this curve 


Photographic minus PGC = + ’.20 + '.34 sin (a — 74.9), 
the value of which for each mid-hour appears in the third column. 


Applying these smoothed values to the individual differences in right ascension and in declina- 
tion, taking the average without regard to sign, and multiplying these by 0.845, we obtain 


a, + 0.269 --- 6, + 0.278 
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for the probable error of one difference between our catalogue place and the PGC place. To 
allow for the latter, we compute for all these PGC stars the probable error at the epoch of the plates, 
by means of the data that’ Boss has so thoughtfully published in the PGC for just such a purpose 
as this; these are, on the average, 


a, 40.205 -++ 6, +0”.181. 


Allowing for these, we obtain finally for the probable error of the catalogue positions of the 


brightest stars 
a, +07.174 +++ 6, +0”.211. 


This is about what we should expect in right ascension, but the value in declination is larger. 
We may reduce these values to what would apply to the general average of our stars by making use 
of the fact that the differences between our two plates for these bright PGC stars is greater than 
for the average of all our stars, and we may consider that for the bright stars an additional error 
is present that amounts to 


in a, V(.182)? — (.139)? = + 0.118, 
in 6, vV(.165)2 — (.137)2? = + _.093. 


Allowing for this in the values we have just obtained from the comparison with the PGC, 
we obtain for the probable error of a catalogue position, now applicable to the general average of 
stars, 

a, +0/.128 +++ 6, +07.189. 

We turn now to a comparison with the meridian places of the comparison stars; each of the 
120 least-squares solutions in each coordinate yields a value for the probable error of one difference, 
meridian minus photographic; the averages are 0°.0174 and 0’’.240. Professor Tucker gives for 
the probable errors of one of his places (each the mean of four observations) 0°.013 and 0’’.19. 
Allowing for these, we have for our probable error from one place 0*.0116 and 0’’.147; or for a 
catalogue position, the mean of the two plates, 


a, 0.123 +--+ 6, +07.104. 


These are very satisfactory quantities; they are only a little larger than the probable errors 
obtained for the same 602 stars by comparing the two plates. If we wish to correct them so that 
they will apply to the average star, we may assume that for the latter there is present an additional 
error equal to: 

in a, V(.139)? — (.105)? = + 0’’.091, 
in 6, V(.137)? — (.106)2? = + 087. 


Applying these to the errors just deduced, we get for a catalogue position, now applicable to the 
general average of stars, 

a, +07.153 --: 46, +0'.136. 
If we take the mean between these and the ones derived from a comparison with the PGC, we 


obtain finally 
a, +0'.140 --- 6, +0'.162. 
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There is no reason to believe that right ascensions are more precisely determined than declina- 
tions. Accordingly, and not to exaggerate the accuracy of a catalogue place, we may assume — 


Probable error, + 0’’.16, Weight 3.5 


for either coordinate, the weight being on the system adopted for the PGC. 

It is true that we have found some dependence of accuracy upon magnitude, but this is not 
important, especially as a large majority of our 7100 stars fall within the limits of magnitude that 
apply to the comparison stars. Thus a tabulation of 1000 stars taken at random shows that 76 
percent of them have visual magnitudes included between 8.0 to 9.0; thirteen percent are fainter 
than this and eleven percent are brighter. If we had wished to distinguish, the following probable 
errors of a catalogue place are indicated by our data: 


Brighter than 7.0 + 0.18 in a or 6 
7.0 to 7.9 + .16 
8.0 to 9.0 = = 8! 
Fainter than 9.0 + .16 


Theoretically the accuracy of a catalogue place depends also upon the positions that the 
images occupy upon the plate; or in other words, upon the extent to which the plate constants are 
involved in any particular case. These constants, tabulated in Table 2, have the following 
average probable errors, X and Y being expressed in millimeters: 


ig eee ne Te + ’’,0016 be ino. ome + "0015 
Dien ease Saree APRN ie 0019 WY essist a, Sale ina ea 0018 
See, TS ETO em as .085 Bt hie tae .077 


here c and k are constants; a and / are to be multiplied by X, and } and m by Y. In any one 
solution } is not quite independent of a, nor m of 1; but we may so regard them in the average of 
many solutions. The constants c and k are applied to all stars alike, so that we may leave them 
out of the present consideration. This is practically true also of a and /, the two coefficients of X, 
since if this coordinate is numerically large on one plate, it must be numerically small on the other, 
and consequently the mean of the two is affected by nearly the same amounts for all stars; it can 
be shown that only about one-fifth the uncertainty in a or J enters to make the accuracy of the 
mean place of one star different from that of the general mean. In practice then only the un- 
certainties in 6 and m, the coefficients of Y, need be considered. Stars whose declinations are near 
either + 2° or — 2° will be slightly less accurate than those nearer the equator, but it can be 
shown that even for them the probable error of a catalogue place is increased by only 0’’.012; 
that is, from 0.156 to 0.168. We may therefore without sensible error assume that the accuracy 
of the catalogue positions does not depend upon the place of the corresponding images on the plates. 


8. ECONOMY OF THE METHOD 
During the progress of the work we kept account of the time consumed in each stage of the 
operations. I set this information down in order that the reader may be able to appraise with 
some accuracy the relative economy of this method for compiling zone catalogues. 
The average length of exposure of our plates is 25 minutes, and therefore the total exposure 
time for the 120 plates is 50 hours. In addition, 40 hours were required to identify guiding stars 
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and to make other preparations for exposing; and 50 hours were consumed in securing experimental 
and unsuccessful plates and in measuring the position of the base on mornings following every 
evening on which successful plates had been secured. The work at the telescope, usually the most 
expensive part of astronomical research, amounted in this case to 140 hours. We may compare 
this with the time spent at the Nicolajew telescope to compile the original catalogue. From the 
information given in that introduction, we find that 1410 hours were required to observe the zone 
stars. This does not include the observations of some of the fundamentals, determinations of the 
level and azimuth constants, and preparation for observing. The Nicolajew observations cover 
a zone 3° 20’ wide against 4° 10’ for the photographs: but the total number of observations is 
nearly the same; 13,700 at Nicolajew, an average of 2.3 for a star; against 14,200 photographic 
observations, just two for each star. 

Two observers were concerned in the measurement of our plates, but only one of them at-a 
time, each recording his own measures. With this engine it takes a little less than 100 seconds to 
identify a star, to measure its position, to estimate the diameter of its image, and to make the 
necessary records. The total time spent at the engine was 790 hours. 

To make the necessary reductions to spherical coordinates, to apply all the corrections and to 
form the catalogue, required a total of 3700 hours of computing. 

The computations for this zone are shorter in one respect than for any other, because of the 
simplification in the series for the reduction to spherical coordinates, in the case of plates whose 
bases are close to the equator. But the difference is not great; we have found that the rigorous 
formulae for this process, which entail the same amount of labor in all declinations, can be carried 
out with the help of suitable auxiliary tables at the rate of about thirteen an hour; for this zone 
this rigorous process would have required 2200 hours, an increase of about 300 hours over that 
actually employed. On the other hand, our experience with this zone has suggested improvements 
in details that have added slightly to the accuracy and have also led to considerable saving of time. 
This is particularly true of the discussion, which can hereafter be carried through in perhaps half 
the time that this first zone required. Part of this saving is due to the use of cards for recording 
and computing (one card for each star); these greatly facilitate arrangement of the data according 
to any argument, such as right ascension, declination, magnitude, and spectrum. 

The Nicolajew catalogue was carried out in all its details by one astronomer working without 
assistance of any kind, Ivan Kortazzi. He began observing in 1876 in a tentative way, but the work 
was not started in real earnest until 1882. Most of the observations were secured in the ten years 
that followed. In 1896 he began making the revision at the telescope and the last observing was 
done in September, 1899. The catalogue was published the next year. In addition to these duties 
he took part in longitude and gravity determinations and occasionally observed the positions of 
comets. But the catalogue took most of his energy during more than twenty years and may be 
considered his life work. It is a monument to his patient skill under adverse circumstances, 
courageous persistence in facing a great task alone, and above all, his devotion to the needs of 
science. Kortazzi died in 1903 in his sixty-sixth year. 

The plates upon which the present catalogue is based were all secured and measured within a 
period of ten months, ending in October, 1914. The positions, exactly as here printed, have been 
available since 1916. In this connection it should be remembered that we have had the advantage 
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of having our observing list well prepared for us in the Nicolajew catalogue; and that, having 
adopted 1875 as our equinox, we have not had to compute precessions. And of course in the 
account of the time consumed, I have not included that part of the task generously assumed by the 
Lick Observatory, the observation of the 602 comparison stars. 

The inexpensiveness of the apparatus that this work requires is worthy of note. The actual 
expenditure in 1914 for the camera, the measuring engine, and a Dactyle computing machine came 
to less than one thousand dollars. The cost now would be about double this. I am assuming 
that there is at hand a visual telescope whose mounting is sturdy enough to hold the camera as an 
auxiliary and to serve as the guiding telescope. A twelve-inch equatorial of the usual design, or 
even a somewhat smaller one, would be adequate. 

In comparing different methods of observing, relative accuracy is the consideration of first 
importance. In view of the short focal length of our camera (1.6 meters) and of the small number 
(two) of images that we have measured for each star, the probable error of a catalogue place (0’’.16) 
is very satisfactory. Doubtless this accuracy could be improved with the use of a longer camera 
and by measuring more images. But it is well known that the gain is by no means in proportion 
to either of these factors; and it is undoubtedly better, if say four images of each star are to be 
measured, that two observatories should measure two each, rather than that one should measure 
all four. 

The stars in the PGC are those that have been most frequently and most accurately observed 
in the past. It is a somewhat surprising fact that even for them our catalogue positions are at 
their epoch as accurate on the average as those obtained by extrapolation from all the meridian 
determinations included in the formation of the PGC. 

Let us now compare the accuracy of our catalogue with that of other zone catalogues of faint 
stars, beginning with the original Nicolajew zone. There is a discrepancy between the probable 
errors claimed for the Nicolajew observations in the introduction to the catalogue and those 
assigned to them by Lewis Boss in the PGC. This is chiefly due to an error of computation in 
the former; the average difference between two observations of the same star is there found to be 


ina, +0°.084 --- ind, +1''.45. 
In order to get the probable error of the mean of two observations these should be multiplied 


by half of 0.8453, not by half of 0.6745 as was done in the Nicolajew introduction; the correct 
probable errors of the mean of the two Nicolajew observations are 


+053 and +0’ .61. 
The corresponding quantities given in the PGC are 
+0'.47 and + 07.67. 


These are respectively three and four times as large as the probable error of one of the present 
catalogue places and imply weights about one-ninth and one-seventeenth as great: But the 
Nicolajew catalogue, chiefly because of the inferior instrument employed, is among the least 
accurate of the Gesellschaft zones, especially in declination. For all sixteen zones for which the 
weights are given in the PGC the average probable errors of the mean of two observations are 
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implying about one-eighth of our weight. The most accurate of all the Gesellschaft zones is 
the one from + 20° to + 25° observed by Becker at Berlin.* The PGC assigns weight 1.5 to the 
mean of two of these observations, and this implies that our catalogue places, the mean of two 
photographic places, have the same weight as the mean of 4.5 observations in the most accurate 
of the zones in the Gesellschaft Catalogue. 

In common with all photographic measurements our catalogue positions are sensibly free from 
personal equation. The excellent agreement between the photographic and meridian observations 
of the comparison stars is testimony to the absence of any large unsuspected systematic error 
unless it is common to both sets of observations. This proviso is a very necessary one to make; 
if for example the meridian observer’s personal equation during the winter is different from what 
it is in summer (on account of inferior seeing, discomfort in the lower temperature or similar cause), 
then this difference will necessarily appear in such a catalogue as ours. Errors of this class can 
only be discovered and eliminated by means of comparison with good fundamental positions, and 
it is for this reason that we have measured as many as possible of the PGC stars that fall within 
the zone. A great need in this branch of astronomy is a set of accurate fundamental positions for 
fainter stars than are now available. This need will be partly met (in the near future, it is hoped) 
by the publication of the General Catalogue at Albany, to which the PGC is preliminary. And, 
in this connection as well as others, we shall welcome the completion of the work in progress at 
several observatories on the determination of the places of the Intermediate Stars selected by the 
Committee on the Carte du Ciel. 


January, 1926 
* The zone from 70° to 75° has recently been completed with the same instrument by Courvoisier. A registering 


micrometer was employed; on this account and also because of the high declination, the right ascensions are more 


accurate than Becker’s, but the declinations are less so. 
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° 3.0762 45]/+1 6 42.5) 19.814 78|+.04 +0.1 350.4 
° 3.0697 35 195814.78j)+.11) 4002. 26527 
° 3.0735 41 19.812 78|+.06 +1.8 30 

° +3.07 36441 +19.811-78/+.08 -1.5 30,29 
° 5.0654 30 19.811 78|-.05 +1.5 24.8 
° 3.0694 35 19.806 79/-.12 -0.5 28.7 
e 3.0685 34 19.804 79/+.09 +0.9 29.1 
° 3.0760 44 19.804 79/+.02 -2.7 33.8 
° +3.0730+40 5.7|+19.805-79|-.07 +1.8 29.7 
e 5.0724 40/+0 3 3 19.803 79] .00 -0.5 23.8 
° 3.0729 40/40 10 O. 19.801 80/+.13 +0.6 29.8 
° 3.0745 42/+0 36 26. 19.800 80/+.03 -0.6 33.7 
° 5.0663 S2]-1 54 29. 19.793 81)-.27 20.5 36.8 
e +3.0716+39|-0 9 35.2/+19.779-83)-.05 -0O.1 34.1 
° 3.0668 33|-1 24 10. 19.778 83] .00 -2.0 36.7 
° 3.0706 38]-O0 25 48. 19.768 84/+.58 -3.5 30.8 
. 5.0765 46/+1 1 26. 19.762 85|-.10 +1.3 26,24 


. +3.0680+35 |-1 4 7.0/+19.761-85/+.07 -1.9 30.8 
° 3.0648 3lj-1 52 9. 19.759 85/+.06 +0.7 26.4 
° 3.0718 41}]-0 6 18. 19.757 85|/+.15 +0.8 25.8 
° 3.0665 33]-1 29 14. 19.757 85|/+.25 -2.5 

. 3.0716 40j-0 10 0O 19.755 85/+.13 -3.9 

° +35.0661+34 jJ-1 31 8.4/+19.747-86/+.05 -3.3 

° 3.0758 46/+0 51 37. 19.744 87 |-.08 -1.0 

° 3.0710 40/-0 16 19. 19.742 87 |-.02 -2.7 

° 3.0643 32}/-1 56 5. 19.740 87 /+.17 -3.5 

° 5.0646 32 |-1 50 22. 19.757 88/-.11 -3.0 

° +3.0685+37 |-O 55 30.2 /+19.725-89| .00 -2.6 

° 3.0710 41 ]-0 17 59. 19.716 90 

. 3.0737 44 19.7135 91 


5.0718 42 19.699 92 
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° +3.0704+41 |-0 25 05 |+19.696-93 
° 3.0766 48 |+0 59 ° 19.694 93 
° 5.0683 38 |-0 54 ° 19.694 93 


3 

~ 

Te) 
awree agate 


omomdo wn 


5.0746 46 
3.0714 42 
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19.689 94 
19.683 94 


139=Bu 420:9.3,9.4,1°3. 
Epochs: stars 101 to 117, 1914.27; stars 118 to 150, 1914.61 


ZONE CATALOGUE, -2° to +1° 5 


Magn Prec. Decl Prec. and ch ole laid BD 
apenen 1078 — Terue 1875 Sec.Var. Epoch| No 
3e "0689440] - 5' 30. 8 +19. '681- . 
5.0676 38 19.677 Me 
3.0646 35 19.674 95 


3.0667 38 19.671 96 
5.0733 45 19.669 96 


+3.0778+50 
500633 34 
3.0669 38 
5.0674 39 
5.0742 46 


@ 
on 


+19.668- 96 
19.668 96 
19.665 96 
19.654 97 
19,651 98 


0 
re es 
ee ¢ 

MO cnr 0 OBDmmhO ONWONYNA 


iss) 


+3.06735+39 +19.643- 99 
19.643 99 
19.641 99 
19.634 99 


19.630 100 


e e e 


oI OO ~~ Oo 
eeeee 


PH WAH 


+19.613-101 
19.609 102 
19.605 103 
19.595 104 
19.591 104 


tO 00 TO ip 
HOw 
e 


+3.0669+41 +19. 584-105 
5.0708 45 19.580 105 
5.0783 53 19.573 106 
5.0774 52 < 19.571 106 
3.0711 46 19.568 106 


+3.0664441 +19. 567-106 
5.0705 45 19.563 107 
3.0758 50 19.563 107 
3.0780 53 19.555 108 
5.0648 40 19.548 108 


e e e e« @ 


+3.0748+50 +19. 547-108 
3.0771 53 19.531 110 
3.0679 44 19.526 110 
3.0715 47 19.526 111 
3.0650 41 19.521 111 


+3.0728+49 +19.521-111 
3.0728 49 19.521 111 
3.0622 39 19.617 lll 
3.0722 48 19.516 111 
3.0615 38|-2 19.516 111 


+3.0656+42 +19. 513-111 
3.0707 47 19.507 112 
3.0627 40 19.504 112 
3.0756 51}: 19.501 113 
3.0629 40 19.491 114 


+3.0658+41 +19.490-114 
3.0766 53 19.477 115 
3.0667 44 19.476 115 
3.0708 48 19.469 116 
3.0744 52 19.441 118 
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163=PGC 191. 187=PGC 215. 
Epochs;: stars 151 to 165, 1914.61; stars 166 to 200, 1914.27 


6 YALE UNIVERSITY OBSERVATORY 


AG | Magn Prec. Decl Prec. and mapa te ea BD 
No Specth 1075 Sec. ie 1875 Sec.Var. Epoch| No 


vee. "36 +3. °0763+54 | +0 1' 40. 6 +19, 429- 120 
23.42 | 3.0763 54 19.429 120 
45.53 | 3.0684 47 19.421 120 
53.18 | 5.0719 50 19.418 120 
11.11 | 5.0758 54 19.411 121 


+19.407-121 
19.389 123 
19.388 123 
19.384 123 
19.379 124 


e 
¢ 
Hrd 


oeeeg 


& 


t 
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23.26 |+5.0776+55 
12.21 | 53,0672 47 
13.33 | 3.0754 54 
26.33 | 3.07035 50 
39.00} 3.0785 56 


6 
biotd 


e 


° e e 
e 


51.60 |+5.0666+47 
52.15} 3.0769 55 

2.04] 3.0637 44 
24.32 | 3.0625 44 
41.34 | 3.0645 46 


+19.574-124 
19.574 124 
19.370 124 
19.362 125 
19.355 125 


e e e es 
AS 
NIANW~I 
e e e e e 
e es 


Loe: 


2 09 
ee 


+19.353-126 
19.551 126 
19.344 126 
19.341 127 
19.293 131 


47.64 |+3.0764+55 
51.48 | 3.0734 53 
10.98 | 3.0612 43 
18.88 | 3.0768 56 
20.01 | 3.0758 56 


6) ¢@ ere 6 
Gl 0 eH 
ee ery 
i] ‘ot 
FOodor 
oe @ e 


24.25 |+3.0655+46 
33.38 | 3.0615 45 
50.07 | 3.0596 44 
25.86 | 5.0617 46 
27.76 | 5.0649 49 


+19.292-1350 
19.264 132 
19.257 133 
19.243 134 
19.242 134 


HWA Ow 
e 
NOP OHY NHAOKHPO WoWoONnNNO 


COOarO 


5.77 |+3.0744+56 
36.79 | 3.0750 57 
40.135] 3.0792 60 
45.17 | 3.0779 59 

7.55 | 3.0688 53 


+19.226-136 
19.213 137 
19.186 139 
19.184 139 
19.175 139 


+5 
VRrOWN 


26.31 |+5.0610+47 
39.16 | 5.0762 58 
8.43) 3.0777 60 
10.75) 3.0740 57 
21.27 | 3.0742 57 


+19.167-140 
19.161 140 
19.149 142 
19.148 141 
19.143 142 


+ 


4 
Or NM 


e 
eoeeee 


d 


19.00 |+3.0587 +47 +19.118-143 


N@OoOOO OrOOM 0 Oo OM DwWwow 0 MO wWO WO OO owoooa © OM M0 oo O00 <0'G» sO 


J e e e 


20.96 
42.59 
53.95 
17.66 


41.18 


3.0644 51 
3.0697 55 
3.0806 62 
3.0758 59 


+3.0721+57 


19.117 143 
19.107 144 
19.102 145 
19.092 146 


+19.081-146 


e 
YONOMOrF ARO OPRPNP FPORPON PR ORFF ODPOND HPWOUWNKN LHOR~YDR 


Hondo 


3.50 19.071 147 
15.60 19.066 147 
54.25 < 19.048 148 

8.40 < 19.042 148 


18.25 +19.037-149 
25 

58.28 19.028 149 
30.31 19.004 151 
51.15 ° 18.994 151 


5 
0) 
8 
9 
5 
0 
9 
8 
a 
3 
8 
) 
9 
8 
4 
: 
if 
S 
1 
5 
2 
6 
2 
ul 
8 
6 
6) 
8 
e) 
0 
9 
0) 
1 
9 
5 
2 
0 
fe) 
9 
) 
) 
0 
0 
9 
8 
0 
9 
6 
0 
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202=PGC 230. 231=PGC 287. 
Epochs: stars 201 to 241, 1914.28; stars 242 to 250, 1914.63 


ZONE CATALOGUE, -2° to +1° 7 


AG Prec. Decl Prec. and pup come won eeew BD 
No soeces 18F8 Sec. oe 1875 Sec.Var. Epoch| No 


1 
9-2 A 8; 35 +3. “0662455 -0 "48 0. "9 +18. '988- 152 +01 +0.1 28.7 
9.0 18 25.91 | 5.0646 54 18.978 153/+.27 -2.6 30 
9.2 15 37.89 | 3.0720 59 18.972 153/+.11 -2.1 30.7 
6.8 K2/16 11.01] 3.0804 64 18.957 155/+.09 -1.1 24.3 
7.2 KO|16 11.33 | 3.0638 54 18.956 154/+.04 -1.7 354.2 
9.0 16 17.34] 5.0770 62 18.954 155/+.08 +0.6 
8.0 GO/16 26.40} 3.0727 59 18.949 155/-.24 -7.9 
9.0 16 31.17 | 5.0806 64 18.947 155/+.01 -2.8 
9.2 16 45.17 | 5.0788 64 18.940 156/-.04 -0.6 
8.6 KO|16 49.95 |+3.0717 +59 +18.938-156/+.04 -1.3 
9.0 17 0.86; 3.0807 65 18.9535 156|-.10 -0.6 
9.2 17 335.88 | 3.0699 58 18.917 157/+.04 +0.8 
7.9 A5/18 18.29 | 3.0596 52 18.895 158)+.01 -0.9 < 
9.0 KO|18 39.46/| 3.0692 58 18.885 159|-.04 -0.4 
8.9 18 47.87 |+3.0588+52 +18.880-159/-.35 -8.3 
9.0 18 50.51/ 3.0633 55 18.879 159] .00 -0.7 24.4 |-1 185 
8.2 G5/18 54.40) 5.0786 64 18.877 160/+.17 -2.9 28.7 | +0 233 
8.9 F8/19 58.47 | 5.0655 57 18.846 161|/+.14 -0.5 29.8 |-O0 225 
9.0 19 59.94} 3.0601 54 18.845 161|+.14 -1.2 32.6 |-1 187 
8.5 GO|20 1.64 |+3.0655+56 +18.844-161/+.03 +0.5 
7.2 KO|20 3.70] 3.0659 56 18.845 161)+.17 -1.6 
8.8 K2/20 32.67 | 3.0668 58 18.828 162|-.12 -2.7 
7.9 G5|20 36.19| 3.0658 57 18.827 162|+.60 -116 
8.4 F2|20 59.89] 3.0675 58 18.815 163/+.01 0.0 
9.0 21 5.55 |+3.0575+52 +18.812-163/+.05 +0.4 
8.8 F8\22 17.357 | 3.0583 54 18.775 165/+.11 -2.6 
9.0 22 21.49) 3.0728 62 18.773 166)+.01 -0.4 
9.0 22 35.95| 3.0602 55 18.766 166/-.07 -0.5 
8.0 KO|23 28.74 |+3.0700+61 +18.739-168/+.02 -0.5 
8.8 G5|23 45.18} 3.0642 58 18.730 168|+.03 -0.3 
8.5 GO\24 6.15/ 3.0782 66 18.719 169|-.02 -0.9 
8.6 K2|24 10.96} 3.0598 55 18.717 168/+.04 +0.3 
9.0 G |24 31.30| 5.0743 64 18.706 170/-.04 +0.7 
9.0 24 37.81 |+3.0589+55 +18.702-169/-.08 +0.7 
9.0 GO/24 43.58 | 5.0808 68 18.699 170}| .00 +0.5 
8.6 24 47.98} 53.0647 59 18.697 170|-.01 -1.3 
9.2 AO|24 59.23|] 3.0750 65 18.691 171/+.03 +0.2 
8.9 25 36.90 | 3.0619 58 18.671 171} .00 -0.8 
9.0 25 41.16 |+3.0809+68 +18.669-172/-.09 -0.3 
9.0 25 42.81! 3.0721 63 18.668 172/-.10 -3.0 
8.0 A3|25 53.05] 3.0802 68 18.663 172] .00 -0.8 
9.0 GO|26 34.25} 3.0755 65 18.641 174/+.18 +1.5 
8.2 KO|26 34.89 | 5.0678 61 18.640 175/-.01 -0.1 
cppe 26 44.88 /+5.0656+60 +18.6355-173 
8.2 KO|26 56.56 | 5.0692 62 18.628 174 
9.0 26 58.09] 3.0661 60]-0 42 25. 18.628 174 
8.8 KO/27 9.42} 5.0707 63 47 18.621 174 
9.0 34.94 | 5.0614 58 ¢ 18.608 174 


254=PGC 306. 255=PGC 305. 259=Bu 728:9.7,9.8,0.6. 272=PGC 320. Epoch, 1914.63 


8 YALE UNIVERSITY OBSERVATORY 


AG Magn RA Prec. and Deol Prec. and nee 
No Spaeth — Sec.Var. 1875 Sec.Var. Epoch| No 


+3:0652+601-0 +18.598-175 207 +0.2 28.8 
5 XO 10.89| 3.0687 62 18.588 176]-.01 -2.5 33.2 
7.5 F8|28 22.81| 3.0750 66 18.582 177|/+.45 -9.4 31.7 
8.3 G5|28 38.04] 3.0668 61 18.573 1771+.04 -1.9 30.2 
9.0 28 41.38] 3.0821 70 18.571 178|/+.10 +0.7 29.6 
9.0 AO|28 54.99 |+3.0779+67 +18.564-178/-.13 0.0 
9.1 A2/29 28.06 18.546 178/+.08 -2.7 
8.8 29 29.58 18.545 178/+.15 -2.2 
8.4 F5/29 30.13 18.544 179/+.18 +1.6 
bar) 29 41.45 18.538 178/+.01 -2.1. 
8.8 29 49.53 418.534-178|-.01 -0.2 
8.9 30 23.68 18.515 179/+.08 -1.5 
9.0 GO/30 30.48 18.511 180/+.07 -0.5 
8.5 K5|30 38.22 18.506 180/+,10 +0.2 
7.0 GO|30 52.86 18.498 180|-.02 -1.7 
9.0 31 5.13/+3.0571+58 +18.491-180/+.04 -0.4 
8.5 31 28.84] 3.0546 56 18.477 181/-.57 -0.1 
8.8 G5/32 42.08] 3.0590 59 18.436 184/+.08 +1.8 
8.6 32 43.07] 3.0624 61 18.435 184/-.02 -0.7 
7.5 A3|33 0.73| 3.0720 66 18.425 185|-.03 +0.6 
8.9 KO|33 6.62/+3.0751+68 +18.422-185/+.07 -1.5 
9.0 33 11.86] 3.0597 60 18.419 184/+.14 +1.4 
9.2 33 38.10] 3.0810 71 18.404 186/+.09 +0.7 
8.6 F5!133 41.72] 3.0595 60 18.402 185|/+.13 +2.6 
7.5 F5|33 43.44] 3.0641 62 18.401 186/+.03 -1.0 
8.8 GO|34 0.15/+3.0658+63 +18. 391-186 /+.03 +0.5 
8.8 KO|34 1.11] 3.0765 69 18.390 187] .00 -8.6 
8.5 GO|/34 12.23] 3.0842 73 18.384 188|/-.10 -0.8 
8.5 F8/34 26.07| 3.0815 71 18.376 188/+.10 +0.7 
8.9 F8/34 27.22] 3.0702 66 18.375 187|-.08 -1.5 
wad 34 30.32 |+3.0532+57 +18.373-186|-.07 -1.0 
8.8 F2/134 52.72] 3.0733 67 18.360 188/+.06 -0.7 
7.9 G5|34 59.18] 3.0616 62 18.356 188]+.07 -0.7 
8.7 KO|35 17.83] 3.0843 73 18.345 190/+.06 -2.4 
9.0 G5|35 24.94] 3.0766 69 18.341 189/+.05 -0.2 
9.0 35 25.07 |+3.0649+64 +18.341-189/-.02 +1.7 
8.9 GO|35 30.94| 3.0843 73 18.337 190|-.29 -5.1 
8.6 F2/35 37.80| 3.0617 62| 18.334 189] .00 -0.4 
8.4 A2|S6 2.70] 3.0564 60 6| 18.319 189/+.10 -1.0 
8.4 G5/36 59.64] 3.0607 62/-1 12 7.8] 18.285 191/+.02 -3.0 
8.4 G5|37 21.99 |+3.0749+69/+0 16 22.2 |+18.272-193/+.03 +1.0 | 
8.2 G5/37 36.39| 3.0645 64|-0 47 55.7] 18.263 192/+.06 -0.2 
8.5 KO|38 12.30] 3.0694 67/-0 17 32.4] 18.241 194/+.07 +0.7 
8.6 GO/38 20.75| 3.0613 63/-1 7 48.1] 18.236 194]-.02 -0.1 
9.0 38 35.55| 3.0558 60]/-1 41 8.8| 18.227 194/+.36 +0.4 
9.0 39 31.04 |+3.0684+67/-0 23 37.4 |+18.193-196|+.09 -0.3 
9.0 39 32.68) 3.0706 68]/-0 10 4.3] 18.192 196] .00 -1.2 
8.5 K2/39 56.86| 3.0668 66/-0 33 12.7] 18.177 197|+.04 -0.7 
8.8 KO/40 7.01] 3.0630 65/-0 56 7.6/| 18.171 197 |-.11 +1.6 
8.6 3.0672 67/-0 30 47.6]! 18.167 197/+.09 -1.1 


S05=PGC 344. Epochs: stars 301 to 338, 1914.63; stars 339 to 350, 1914.66 


ZONE CATALOGUE, -2° to +1° 9 


Case Fs and Decl Prec. and oes 
No feces 1076 Sec.Var. 1875 Sec.Var. Epoch No 
a 8 


3.0741 70 18. 140° 199 
5.0676 67 : 18.131 199 
Double 

5.0811 74 G 18.112 201 


pe 
~@ 


w 
e 
ry 


+3.0850+75 +18.109-201 
3.0705 69 ° 18.105 200 
3.0623 65 ° 18.090 201 
3.0516 60 ° 18.085 200 
3.0515 60 ° 18.085 200 


bas 


OomooMmMDod OoDWM® 
ee 
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+5.0794473 «8 |+18.079-202 
5.0721 70 18.066 202 
5.0535 62 ° 18.043 202 
3.0638 66 ° 18.041 203 
5.0760 72 ‘ 18.040 204 


oee¢e 
bat 
Pee 
e@ 


5% 


+3.0555+63 25 |+18.006-204 
5.0629 66 ° 18.004 204 
5.0593 65 el} 18.002 204 
5.0805 74 ° 17.986 206 
5.0608 66 17.976 206 


‘+t 
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+3.0789+74 | + .5 |+17.939-208 
3.0592 65 17.935 207 
3.0514 62 17.931 207 
3.0520 62 -5| 17.917 208 
3.0697 70 -9| 17.912 209 


Ut 
bomnd 
ee ® 


e e e ee @e 
e @ 


+3.0698+70 © 5/+17.910-209 
5.0515 62 e 17.892 209 
3.0676 70 ° 17.882 210 
5.0824 76 ° 17.870 212 
5.0833 76 ° 17.867 212 


eee @ @ 


+3.0530+64 «9 |+17.864-210 


5.0740 73 
3.0679 70 
5.0728 72 


17.851 212 
17.844 212 


17.843 212 


Cee 
SH408 
eee @ 


5.0722 72 °2| 17.833 213 


+3.0846+77 02 |+17.825-214 
5.0854 78 ° 17.811 214 
3.0853 77 ° 17.778 216 
5.0630 69 ° 17.766 215 
3.0838 77 ° 17.760 216 
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fSune 


+3.0538+65 04 /+17.737-215 
5.0712 73 17.676 219 
3.0544 66 ° 17.675 218 
5.0628 69 ° 17.665 219 
3.0575 67 ° 17.647 B20 


e e @ 
1s 
ROHO 


9 


+35.0605+68 e 3 | 4+17.647-220 
3.0521 65 ° 17.640 219 
3.0524 66 ° 17.631 219 
5.0611 69 17.626 221 
3.0696 72 e 17.610 222 
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387=PGC 435=Bu 1015:7.2,7.2,1". Epoch of observation, 1914.7 


10 YALE UNIVERSITY OBSERVATORY 
ae 


Prec. Deol Prec. and nephes eee es BD 
as fee 1878 ae see i atch Var. Epoch; No 


wu 
8.5 KO/|5 4°58. *94 +3. ©0555+67 di 29° 276 °0 +17. «583-222 -°02 +0.8 30.9 
8.5 F8 5.0708 73 17.580 223/+.06 -4.6 30.8 
8.5 F5 5.0805 77 17.573 224|+.14 -1.6 29.8 
8.9 5.0595 69 17.532 224/+.035 -0.5 34.3 
9.1 +3.0545+67 +17. 624-224/+.03 +0.9 
8.6 F8 3.0864 80}/+1 14 36.7| 17.513 227|+.07 +0.5 
8.3 G5 3.0809 78]+0 45 39.2] 17.510 227|-.12 -0.1 
Ie2 3.0618 70]/-0 55 2.8/ 17.508 225| .00 +1.2 
6.8 A5 3.0668 72/-0 28 30.1] 17.506 226/+.14 -1.8 
9.0 +3.0530+67/-1 41 7.8/+17.499-225/+.22 -4.0 
9.2 +0 59 49.1) 17.497 227)-.01 
8.6 G5 +1 O 26.6] 17.492 227|+.07 +1.3 
9.0 -O0 16 35.4| 17.491 226)-.01 -0.2 
8.6 A2 -O 37 34.6| 17.484 226/-.01 +1.8 
9.0 +3.0822+78/+0 52 23.9)|+17.485-228/+.04 +1.3 
7.2 G5 3.0615 70]-O0 56 28.6| 17.480 226/+.13 -1.8 
9.0 3.0669 72}-0 28 6.8] 17.472 227|+.04 -2.4 
8.8 G5 3.0837 79/+0 59 52.5) 17.471 228/+.08 -0.8 
8.6 G5 3.0653 72}/-0 36 0.8| 17.421 229/-.01 -0.2 
8.6 AS +3.0541+68 -1 34 tar +17 .418-228 -.03 +0.8 
8.5 GO 3.0691 74]/-0 16 34.2) 17.415 250| .00 -5.0 
9.0 3.0543 68/-1 32 34.7] 17.400 229/+.54 -2.5 
8.8 KO 3.0749 76)/+0 13 35.9} 17.595 2351/+.29 +2.9 
7.0 KO 3.0657 735|-0 33 45.7} 17.364 231/+.05 -1.5 
9.0 0) +3.0787+78/+0 33 7.9/+17.352-232/-.02 -0.1 
7.8 KO| O 22.35/] 3.0821 79|+0 50 40.0/ 17.351 233/+.06 +0.3 
962 O 41.77| 3.0694 74}-0 14 358.5/ 17.5357 232|/+.11 -0.7 
9.0 O 51.44] 3.0628 72|-0 48 5.5] 17.330 232)+.01 +1.1 
7.5 G5| 1 12.89] 3.0581 70}|-1 12 19.3) 17.314 233|-.43 -7.8 
8.0 K2/ 2 4.12/+5.0602+71}/-1 O 52.0] +17.276-254)+.05 -0.1 
8.6 AZ} 2 16.59} 3.0762 77}/+0 20 6.0} 17.267 235|-.05 -0.3 
Teal BO seco Double -l 2 
8.8 A5| 3 14.92} 3.0856 81}/+1l 6 48.5| 17.224 238/+.14 +1.1 
8.9 3 19.06| 3.0747 77|+0 12 16.5| 17.221 237|+.04 -0.2 
9.0 3 26.07 |+3.0536+69(-1 35 36.9) +17.215-256/+.14 -0.1 
8.2 G5| 3 48.20| 3.0711 76 17.199 238|+.02 -0.3 
8.5 KO| 4 0.91| 3.0640 73 17.189 238|-.09 -1.5 
8.3 KO| 4 56.46) 3.0855 81 17.147 241/+.02 +0.7 
8.9 5 1.30] 3.0858 82 17.144 241/+.09 -1.1 
8.7 KO} 5 20.06 |+3.0678475 +17.129-240| .00 +0.4 
9.2 5 46.75| 3.0606 73 17.109 240/+.13 +0.7 
8.9 7 8.93} 3.0648 75 17.046 243/-.01 -1.9 
7.6 KO| 8 10.73] 3.0858 82 16.999 246|-.035 410.2 
8.8 8 12.80| 3.0502 70 16.999 243/+1L88 -1.6 
72.5 A2| 8 44.72 |+5.07359+78 +16.972-246| .00 +0.6 
9.1 8 49.59! 3.0598 73 16.969 245|+.26 +0.9 
9.0 9 13.87 | 3.0705 77 16.950 247 |+.06 +1.7 
9.0 9 20.95| 3.0856 82 16.944 248 /-.08 -0.7 
9.0 C) 3.0488 70 16.925 246|+.09 +1.1 


410=PGC 471. 417=PGC 473, 421=Bu 1091:7.8,7.8,1". Epoch, 1914.7 
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460=PGC 5235. 


ZONE C 


Prec. and 
Sec.Var. 


s 
+3.9635+75|- 
35.0754 79 
5.08359 82 
5.0884 84 
3.0528 71 


+3.0810+81 
3.0629 75 
5.0631 75 
3.0522 72 
3.0870 83 


+3,0661+76 
5.0691 77 
5.0657 76 
5.0549 73 
5.0626 76 


+3.0589+74 


+5.0629+76 


ATALOGUE, 


-2° to +1° 


11 


Decl Prec. and CE ts dt BD 
Stl sft Epoch| No 


“6 


HK ava 


ok 
ansSeks NR oo 
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ee 
(ox) f£FoODWOm HAROAD 


5.0603 75] 


5.0774 81 
5.0700 78 
3.0614 76 


+3.0535+73 
3.0673 78 
3.0591 75 
5.0514 72 
5.0582 75 


+3.0704479 
5.0576 75 
3.0506 73 
5.0563 74 
5.0752 80 


+3.0850+83 
3.0858 84 
5.0623 77 
3.0728 80 
3.0516 74 


+3.0509+74 
3.0545 75 
5.0591 76 
5.0540 75 
5.0677 79 


+35.0848+84 
3.0615 77 
5.0753 81 
3.0688 80 
5.0594 77 


474=PGC 539. 


476=PGC 540. 


+6 '919- 247 
16.915 248 
16.878 250 
16.877 251 
16.869 248 


+16.855-251 
16.850 249 
16.846 250 
16.842 249 
16.841 252 


+16.829-250 
16.805 251 
16.791 252 
16.776 251 
16.740 253 


+16.7357-253 
16.735 253 
16.728 252 
16.724 255 
16.671 255 


+16. 661-256 
16.658 256 
16.655 257 
16.648 257 
16.636 256 


+16.634-256 
16.627 257 
16.626 257 


16.618 256| 


16.617 257 


+16. 609-258 
16.571 258 
16.567 258 
16.564 258 
16.491 262 


+16.481-263 
16.480 263 
16.445 263 
16.423 264 
16.3580 264 


+16.377-264 
16.371 264 
16.364 265 
16.555 265 
16.347 266 


+16.529-268 
16.525 266 
16.280 269 
16.274 269 
16.242 269 
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of observation, 


1914.64 


12 YALE UNIVERSITY OBSERVATORY 


AG | Magn Prec. Decl Prec. and ee eee 
No Spagtn 1075 Sec. ae 1875 Sec.Var. Epoch| No 
= 


8.7 F8/2 +3. “0660479 | - "16. '7 | 416. 238-269 ~ 508 +0. "3 28.7 “373 
8.4 A2 16.230 269/+.09 -0.6 29.1 9 374 
16.229 270|-.04 -1.3 27.7 |-0 375 
16.218 269/+.06 -0.4 27.8 |-1 545 
16.207 271|/+.05 +0.35 27.7 |+0 410 


6.5 A2 +16.206-271|-.13 -2.4 29.7 |-0 378 
9. 16.193 270|-.04 40.3 27.4 |-1 347 
8.6 KO 16.181 273|-.01 +2.0 29.2 |40 414 
1. 167169°075142.010-17 
7,3 42 16.169 273| .00 <0. 


°9 G5 +3.0748+82 +16.159-272}-.11 +1 29,30|+0 417 
° 25 44.52] 5.0523 75 16.134 271|-.03 0 
el K2|25 46.90; 3.0480 74 16.132 271|+.01 +0 
-8 KO|/25 47.71/ 3.0502 75 16.131 271/+.01 -2 
4 FO 5.0603 78 16.121 272/-.06 -1 


-8 KO ° +5.0542+76 +16.115-272/-.02 -1.5 27.7 |-1 354 
-5 G5/26 16.73| 3.0789 83 16.106 275/-.06 +0 
6 AO|26 19.48/ 3.0851 85 16.104 275)-.01 +0 
-8 K2/|26 32.54) 3.0877 86 16.092 276/-.02 -0 
° 3.0491 75 16.077 2735|+.12 +2 


-3 G5 ° +35.0664+80 -1|+16.076-274|-.01 -0 
° 27 9.53] 3.0488 75|-1 40 29. 16.060 273|/+.03 +1.3 22.7 |-1 358 
-4 FO|27 36.20| 3.0640 79/-0 35 23. 16.037 275)/-.02 0O 28.8 |-0 384 
° 27 46.47 | 3.0472 74] -1 47 . 16.028 274|-.05 -0 


©8 32.8 |-1 359 


5.0696 81 16.018 276 
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° +3.0747+82} +0 10 24.6) +15.998-277|+.01 +0.9 28.8 
-O KO|28 27.11] 3.0820 84/+0 41 44. 15.992 278/-.09 -0.3 30.3 
° 28 30.68) 3.0593 78)/-0 55 ° 15.989 276|+.01 +0.8 29.8 
©9 F5/28 34.77| 3.0477 75)-1 44 17. 15.986 275)+.06 +1.0 28,29 

FO 3.0806 84 21. 15.976 278/-.08 +0.8 27.8 


e +3.0602+78 +15.976-277 -.06 -l. hoes 
e7 A3\29 25.58| 3.0595 78 15.941 278/-.01 +1 28.4 
-7 G5|29 33.55| 3.0669 80 15.933 278|)-.16 -0O 
-8 A3|50 3.94} 3.0554 77 15.907 278/+.04 -2 


° +35.0479475 +15.877-278 -.13 -0. 

° 50 46.65] 5.0499 76 15.869 278/+.035 41.5 28.7 
° 50 52.51}; 3.0616 79 15.863 280|/-.01 -1.1 29.2 
04 F2|352 4.00| 3.0442 74 15.799 280/-.04 -1.3 28.7 
-O FO 5.0465 75 15.785 281|/+.01 +1.7 30.3 


+3.0766+83 
Too bright 
5.0842 86 
3.0666 81 
5.0606 79 


+15.752-285 


. @ ° 
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15.741 285 
15.724 284 
15.705 284 


+3.05464+77 
5.0817 85 
35-0780 84 
5.0543 78 
5.0462 75 


+15. 682-284 
15.681 287 
15.665 287 
15.649 285 
15.644 285 
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514=PGC 574. 539=Bu 1349:8.9,9.4,004. 549=PGC 612. Epoch, 1914.66 


AG] Magn 
No | Spectm 1076 


ZONE CATALOGUE, 


Prec. 
Sec. aes 


+3. 0630480 
5.0478 76 
3.0724 82 
3.0725 82 
3.0555 78 


+5.0450+75 
3.0899 87 
3.0657 81 
3.0476 76 
3.0517 77 


+35.0835+86 
3.0593 79 
3.0675 81 
3.0868 87 
3.0699 82 


+5.0488 +77 
5.0518 78 
5.0643 81 
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Decl Prec. and aoe nee BD 
1875 Sec.Var. Epoch} No 


"46. le +15, 642-286 


15.637 285 
15.635 287 
15.609 288 
15.601 287 


+15. 580-286 
15.538 292 
15.536 289 
15.534 288 
15.531 288 


+15.530-291 
15.517 289 
15.510 290 
15.469 293 
15.468 292 


+15.465-289 |- 


15.455 290 
15.444 292 
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15.440 292 
15.422 294 


5.0615 80 
5.0860 87 
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+3.0876+87 
5.0584 79]: 
5.0491 77 
5.0436 76 
3.0803 85 


+15.414-295 
15.365 293 
15.3535 293 
15.352 292 
15.505 297 
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+3.0612+80 
5.0744 84 
5.0901 88 
3.0689 82 
3.0795 85 


+15.3035-295 
15.294 297 
15.294 298 
15.290 296 
15.271 298 


Ww No 
Suds 


+15.265-298 
15.243 295 
15.220 295 
15.205 299 
15.195 300 


+3.0841+86 
3.0448 76 
3.0413 75 
3.0746 84 
3.0852 87 
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+3.0640+81 
5.0858 87 
3.0784 85 
5.0919 88 
3.0604 80 


+15.193-298 
15.183 300 
15.181 300 
15.180 301 
15.160 299 
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+5.0791+85 
3.0905 88 
3.0634 81 
3.0537 79 
3.0464 77 


+15.140-301 
15.087 303 
15.074 3501 
15.074 300 
15.073 300 


+15.072-301 
15.068 300 
15.045. 304 
15.030 301 
14.974 302 
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+3.0656+82 
3.0513 78 
3.0842 86 
5.0543 79 
3.0447 77 
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Epochs: stars 551 to 555, 1914.67; stars 556 to 600, 1914.39 


i4 YALE UNIVERSITY OBSERVATORY 


AG | Magn Prec. and Decl | Prec. and mea B 
No epee thl 1878 Sec.Var. 1g7e Sec.Var. Epoch = 
+3.0619+81|-0 9°46, 5 +14. 966-304 
3.0645 82 14.960 304 
3.0555 80 14.954 303 


3.0651 82 14.947 304 
3.0416 76 14.941 302 


oO 

O 
wool 
Ow 


e ¢e 
~w 
a 
e ees 


Hroddist 


+3.0434477 
3.0412 76 
3.0635 82 


+14. 931-303 
14.919 303 
14.880 306 


14.879 309 
14.855 307 
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5.0908 88 
3.0712 83 
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+14.843-309 
14.840 306 
14.825 306 
14.813 308 
14.799 308 
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+3.0855+87 
3.0569 80 
3.0519 79 
5.0724 84 
5.0611 81 
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+3.0725+84 
3.0661 82 
3.0919 88 
3.03594 76 
3.0713 84 


+14.796-309 
14.793 308 
14.775 311 
14.750 307 
14.740 310 
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Double 
+3.0391+76 
3.0712 84 
5.0841 87 


+14. 663-309 
14.663 312 
14.616 314 
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+14. 608-315 
14.607 314 
14.596 310 
14.591 312 
14.586 3514 


+3.0907+88 
3.0751 84 
4.0418 77 
3.0542 80 
3.0743 84 


e 
=) 
33RO© 
@ a6. 18) +@) 0 


ado 


+3.0534+80 414.576-312 
3.0785 85 14.570 315 
3.0680 83 14.5635 314 
3.0533 80 14.563 312 
5.0799 86 14.555 315 
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+3.0593+81 +14. 550-313 
3.0719 84 14.549 315 
3.0623 82 14.528 314 
5.0802 86 14.526 316]- 
3.0829 86 14.487 317 
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+3.0928+89 +14.480-318 
5.0685 83 14.469 316 
5.0454 78 ! 14.457 314 
3.0494 79 14.455 314 
5.0723 84 14.451 317 
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+3.0657 +83 +14.443-316 
3.0780 85 14.413 318 
5.0711 84 14.412 318 
3.0865 87 14.381 320 
5.0889 88 14.363 321 


623=Bu 1511:9.0,10.5,0%6. 
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Epoch of observation, 1914.39 
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684=PGC 722. 


Epochs: 


stars 


ZONE CATALOGUE, 


-2° to +1° 


15 


Prec. Decl prea and ce eg eee BD 
jena 1875 Sec.Var. Epoch| No 


+3. =0809+86 | +0 
5.0598 81 
5.0783 85 
5.0851 87 
3.0841 87 


+3.0545+80 
5.0769 85 
5.0860 87 
3.0378 77 
5.0451 78 


+3.0819+86 
3.0876 87 
3.0843 87 
3.0553 80 
5.0786 85 


+3.0617 +82 
5.0828 86 
3.0885 87 


+3.0678+83 
5.0857 87 
3.0523 80 
5.0559 81 
5.0410 78 


+3.0511+80 
3.0661 83 
5.0627 82 
3.0698 83 
5.0601 81 


+3.0482+79 


5.0747 84]: 


3.0499 79 
5.0440 78 
5.0577 81 


+3.0504+179 
5.0672 83 
35-0886 87 
3.0769 85 
5.0712 84 


+3.0587 +81 
3.0918 88 
5.0797 85 
5.0910 88 
3.0933 88 


+3.0441+78 
3.0792 85 
5.0561 81 
3.0774 85 
5.0722 84 


651 to 656, 1914.39; 


1' 44. 2 +14, 338- 3520 


14.268 319 
14.253 322 
14.250 323 
14.210 324 


+14.191-321 
14.167 324 
14.159 325 
14.155 320 
14.145 321 


+14.108-3525 
14,105 326 
14.103 526 
14.100 323 
14.100 325 


+14.098-324 
14.023 3527 
14.000 328 
13.975 325 
15.968 329 


+13.918-328 
13.869 3531 
13.865 328 
13.849 328 
13.845 327 


+13.842-328 
15.827 3350 
135.822 530 
13.819 330 
13.819 329 


+13.812-328 
13.806 331 
13.800 329 
13.779 328 
13.770 330 


+13.7 55-330 
13.743 332 
13.740 334 
13.701 3533 
13.695 333 


4+13.672-352 
13.646 336 
13.641 535 
13.629 336 
13.615 337 


+15. 615-3532 
13.612 536 
13.603 333 
13.578 336 
13.561 336 
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689=Bu 1623:8.8,8.8,027. 


stars 657 to 700, 1914.71 
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707=PGC 749. Epo 


YALE UNIVERSITY OBSERVATORY 


Prec. 
= pee 


+3. *0570+81 |- 


3.0813 85 


3.0888 87 
3.0912 88 
3.0889 87 


+3.0615+82 
5.0482 79 
3.0362 77 
3.0650 82 
5.0935 88 


+3.0852+86 
6.0902 87 


5.0365 77). 


3.03874 77 
3.0374 77 


+35.0614+81 
3.0847 86 
5.0835 86 
5.0578 81 
3.0739 84 


+5.0551+80 
5.0654 82 
5.0906 87 
5.0774 84 
3.0550 80 


+5.0848+86 


+3.0687 +83 
5.0703 83 
5.0380 77 
5.0438 78 
3.0514 79 


+3.0378+77 


5.0529 80} 


3.0884 86 
5.0864 86 
5.0459 78 


+5.0942+87 
5.0649 82 
3.0569 80 
3.0719 83 
5.0869 85 


+3.0744+83 
3.0857 85 
5.0775 83 
3.0839 85 
5.0554 80 


chs: stars 


701 to 707, 


Prec. 
Sec. ao 


13. 533 337 
13.511 339 
13.500 339 
13.496 339 


+13.484-336 
13.420 336 
13.406 335 
13.355 339 
13.335 343 


+13.554-542 
13.516 5435 
13.3508 3357 
13.305 337 
13.300 337 


+13. 265-341 
13.260 343 
13.250 343 
13.238 341 
13.237 342 


13.255 342 
13.224 345 
13.150 344 
13.140 342 


+13.151-346 
13.099 341 
15.079 346 
13.075 346 
13.037 348 


+13.055-346 
15.010 346 
13.009 343 
12.953 344 
12.929 346 


+12.918-344 
12.911 3546 
12.905 350 
12.897 350 
12.895 346 


+12.895-351 
12.862 348 
12.721 3550 
12.700 352 
12.654 355 


+12.652-353 
12.649 355 
12.635 354 


TA. 634 355 -.Ol - 
12.650 352/+.10 


Photo-Nicolajew 


O98 


0 
oo 


o2on5 


+ 
Or OOCF 


q 
jo) 
e 
nO OOMHND WY MOD Amaro 


o5ha48 


1 ! cee 
eee eee @ 


Epoch 


1914.71; stars 708 to 750, 


BD 
No 


1914.40 


ZONE CATALOGUE, -2° to +1° 17 


AG Magn Prec. Decl Prec. and Joke tot ages be BD 
No eects 1875 Sec. rel 1875 Sec.Var. Epoch; No 


— 
4 41. 52 +3. #0557+80|- "Sas 4 +12. "573-353 
Too faint 
3.0697 82 12.502 355 
3.0340 76 12.459 352 
3.0553 79 12.454 355 


e e e @ e 
' 
Toe 
ee 
=< 


+35.0408+77 +12.435-353 
5.0667 81 12.411 557 
5.0568 76 12.410 353 
3.0572 80 12.395 356 
5.0533 79 12.382 356 


ooee 
ee 
ovw~mm Ow 


+3.0673+81 +12.356-358 
5.0902 85 12.351 360! - 
3.0770 83 12.335 359] - 
Too faint 

5.0510 78 12.289 357 


$54 5045488 


+35.0555+76 27 |+12.206-356 
5.0958 86 12.195 364 
5.0592 80 12.187 360 
5.0755 82 12.182 361 
5.0723 82 12.174 361 


eoeeee 
Ba Sis 


+3.0817+83 


i) 


+12.171-362 
12.156 360 
12.154 364 
12.138 364 
12.125 364 


OWODWO Pm ~I Ww ®W 0O0OMMWWO @MWDwowDo DWO@DUO~ 
eee @ @ 

© 
ee @ © 


+3.0827 +835 
3.0672 81 
5.0908 85 
5.0918 85 
3.0353 76 


+12.109-3635 
12.108 362 
12.103 365 
12.079 365 
12.062 359 


+3.0550+79 
5.0795 83 
56.0561 76 
5.0545 78 
3.0498 78 


+12.045-361 
12.031 364 
12.029 359 
12.020 362 
11.975 362 


MPO oOOOk 


APN Oo NRAOMO Ew bo fox) 
WOAMON OHPRDO NAKHON PH 
reddsh SS5H6H S448S5 


oO 
7] 


+3.0348+75 +11.970-360 

5.0436 77 11.954 361 
3.0333 75 11.886 361 
3.0605 79 11.856 365 
Too faint 


1+ 
hee 
) o e 


womMmorY NONWNW~YN OOHWOWH AYNOoOW ODAORMRrF YF ANH @ 


é 


eoeeee¢ 


+3.0616+79 e4 |+11.841-566 
3.0857 83 11.839 368 
5.0632 79 11.728 368 
3.0731 81 11.717 369 
5.0865 83 11.715 370 


eo © @ 
@ @ e e 


+35.0426+76 +11.634-366 
3.0567 78} 11.614 368 
3.0504 77 11.612 368 
3.0591 78 11.606 369 
5.0927 83 11.589 373)|- 


e@ 
OM WW OH OoOnwor 


3A 
2 
6 
9 
6 
5 
8 
0 
7 
8 
0 
2 
6 
0 
0 
8 
0 
8 
0 
6) 
8 
1 
6 
8 
6) 
6) 
0 
0 
7 
8 
6 
6 
9 
2 
1 
9 
8 
0 
3 
2 
6 
1 
9 
6 
2 
0 
9 
0 
5 
9 


DNRWODDMR OMMDOOMD ODUWUR~T WOYXDOD BWAwWwaw 


adudh oddH4h 


769=PGC 823=Bu 1787:7.1,9-3,6". 7702PGC 825. 796=PGC 857. 799=PGC 859. 
Epochs: stars 751 to 792, 1914.03; stars 793 to 800, 1914.34 
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Prec. and| Decl Paes Pei 
Sp ce 1078 Sec.Var. ue Sec.Var. Epoch} No 


+11. '551- 372 
ones 80 11.539 3571 
5.0914 835 11.529 374 
3.06735 79 11.474 372 


WODONYHD TOMOOH DOMMO HWOOMOD COWAMH AWODOO HOMMO WUNWOWOUMHGM WOWWDO DODIOOWO 
3 


e 


Too faint 

+3.0720+80 +11.3589-374 
3.0540 77 11,380 372 
5.0667 79 11.375 373 
5.0955 83 11.359 377 


DoM@Do wowonmanmneo 


+3.0353474 +11. 353-370 
3.0692 79 11.342 374 
3.0437 75 11.310 372 
3.0357 74 11.291 371 
3.0368 74 11.289 371 


+3. 0486476 +11.285-372 
11.279 378} 
11.277 374 
11.259 376 
11.226 378 


S8iE8 


+11.220-372 
11.197 379 
11.186 378 
T<1L79 (S76 


' 
peda 
eee 


+3.0830+81 +11.160-378 
5.0643 78 11.160 376 
3.0383 74 11.133 373 
5.0714 79 11.150 377 
3.0546 76 11.108 376 


+3.0353473 +11.091-373 
11.083 375 
11.075 376 
11.044 380 |: 
11.043 375 


| A++4! 
66 FSHS5S 
e 
HAOIoD BAM DO YH 


roSOs 


HO 


+11.032-378 


10.985 3582 


° 


10.948 382 


+35.0623+77 +10. 934-579 
5.0707 78 10.933 380 
3.0897 81 10.928 383 
3.0652 77 10.886 380 


or re +e") 6 


+5.0402474 +10.876-377 
5.0311 73 10.848 376 
5.0438 74 10.832 378 
3.0790 79 10.796. 383 
5.0541 73 10.746 378 


814=Bu 1901:9.0,11.3,3". 832=PGC 891. 
Epochs; stars 801 to 844, 1914.34; stars 845 to 850, 1914.39 


8 
6 
9 
8 
7 
g 
8 
8 
9 
8 
“) 
7 
7 
8 
8 
8 
8 
8 
8 
9 
8 
7 
vy 
9 
8 
2 
9 
8 
9 
2 
9 
8 
8 
8 
8 
8 
8 
9 
9 
ud 


ZONE CATALOGUE, -2° to +1° Ab) 


AG Pres. Decl Prec. and ae sake tan 2 BD 
No eo 15 AS ass 1875 Sec.Var. Epoch} No 


@ 
o 


~IO@DWO 
oeee 
gn no 


@woam 
oe 8 @ 


+3. 20476474 
5.0726 78 
3.0423 74 
3.0653 77 
3.09357 80 


+3.0801+78 
3.0952 80 
5.0841 79 
3.0571 75 
3.0505 72 


+3.0648+76 
3.0930 80 
3.0360 72 


3.0926 80} 


5.0972 80 
+3.03435472 


+10.738-380 
10.720 3583 
10.690 380 
10.658 383 
10.655 387 


+10. 590-386 
10.571 388 
10.569 387 
10.549 384 
10.545 380 


+10. 522-385 
10.509 389 
10.501 381 
10.490 389 
10.393 391 


+10. 389-3835 
10.387 384 


state 


e 


a 


3.0454 73 


10.343 388 
10.335 388 
10.332 384 


bbSbS SESSE 


53.0526 71 


+3.0600175 
3.0492 73 
5.0640 75 
3.0305 71 
3.0733 76 


+3.0508473 


+10. 315-387 
10.308 386 
10.285 388 
10.245 384 
10.215 390 


+10. 212-387 
10.201 393 
10.193 386 
10.178 386 
10.168 391 


i] 
no COrFOM 


on 


OW POH OPED 
aAryoawoHY KRPPNOPFP NO 


& 


eee 

woe 

ee 
e 


1 
Ow 
e 


3.0705 76 


+3.0917 +78 +10.167-393 
3.0657 75 10.153 3590 
5.0615 74 10.135 390 
4.0450 72 10.112 388 
5.0539 73 10.111 389 


$38 
busloese 
e 


+10.095-387 
10.088 391 
10.063 389 
10.056 393 
10.046 391 


+10.044-388 

10.018 396 

9.923 389 

: 9.910 396 

5.0814 76 9.855 396 


+ 


U 
Onrr 


NOMoG NOOBS WDWOOM AMGSOG BDONWOSGO ONANO DMDFHPOO FPOOWO OPDONH 


e 
I QANAM PAMDD OOKLFHNO FPHEPKHMNO OOPNP MANNQO BROHMN UNVWUMH HOH Ee 


+3.0957 +78] + 9.841-398 
53-0691 74 9.819 395 
3.0312 70 9.778 390 
3.0679 74 9.775 395 
3.0930 77 9.734 399 


8 
8 
9 
8 
9 
9 
9 
6 
9 
8 
8 
if 
6 
7 
8 
9 
9 
9 
9 
8, 
9 
9 
9 
9 
8 
7 
7 
8 
8 
9 
8 
8 
9 
9 
8 
9 
18 
9 
8 
|8 
9 
8 


Qaanvnwn Nero 


866=PGC 926. 871=PGC 931. Epoch of observation, 1914.39 
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AG Prec. Decl Prec. and nes 
No Ste er Savas 1875 Sec.Var. Epoch No 


9.0 4 pater 297 +3. °0678+74| - +9, 698- 596 =t06 a 4 50.3 
7.2 KO| 5 9.03! 3.0569 72 9.634 395|/-.04 -0.5 29.0 
8.8 5 19.47] 3.0676 73 9.621 397) .00 -1.2 28.4 
7.5 5 43.735| 3.0807 75 9.590 399/+.01 +0.8 25.4 
8.7 6 10.44] 3.0814 75 9.556 399/+.135 40.9 29.4 
9.0 6 40.69| +3.0641+72 +9.517-397|+.02 +0.9 27.0 
9.1 7 11.20) 35.0767 74 9.478 400/+.11 -0.2 29.9 
9.0 W187! O.06L7 > 7Z 9.468 398/+.02 -0.5 27.0 
8.7 7 38.53) 3.0554 71 9.443 397/+.02 +0.3 25.0 
9.0 7 47.48| +3.0586+71 +9.431-398] .00 +0.3 26 
8.5 7 58.39! 3.03235 68 9.417 394)/-.04 -1.0 26.5 
8.9 7 59.96| 3.0583 71 9.415 398/-.05 +1.6 26 
9.0 8 12.58) 3.0799 74 9.399 401/+.07 +2.3 27.4 
8.4 8 37.65) 35.0452 70 9.366 396) +.06 -2.1 29.4 
9.0 8 38.74) +5.0546+71 +9, 565-398)-.02 +0.9 26,27 
8.8 8 50.10] 3.0405 69 9.350 596/+.09 -1.3 27.5 
‘ace 9 14.09) 3.0658 72 9.319 400/+.03 +2.0 30.8 
9.0 9 22.91| 3.0833 74 9.308 402/+.05 -0.4 28.8 
8.7 9 25.75) 5.0331 68 9.307 396|+.04 +0.3 28.7 
9.0 F5| 9 35.49/ +3.0564771 +9.292-599|-.02 -0.4 26.35 
7.6 AO| 9 36 Double 

8.6 G5) 9 41.27] 3.0781 73 9.284 402/+.06 +1.0 26.5 
8.7 G5; 9 5.0914 74 9.277 404|+.07 +0.9 27.9 
8.35 GO 5.0540 70 9.249 399/-.02 -4.2 

8.6 KO +3.0421+69 +9.228-398/+.01 -1.6 

8.9 A2 3.0506 70 9.228 399) .00 +2.2 

8.8 5.0849 73] 9.200 404/-.30 +0.2 

9.0 GO 503358 68 9.174 397|-.07 +0.1 

8.9 F5 53.0472 69 9.163 399/-.01 -0.1 

9.0 +3.0623+71 +9.152-401/+.11 +2.0 

9.0 3.0631 71 9.124 402/+.04 +1.7 

8.6 GO 3.0706 71 9.117 4035/-.01 -1.7 

8.7 3.0603 70 9.113 401/+.12 -0.8 

8.8 3.0595 70 9.107 401/+.06 +3.2 

8.8 GO +5.09237474 +9.102-406/+.17 +1.5 

7.8 G5 3.0467 69 9.060 400|-.03 -2.1 

8.9 F5 3.0297 67 9.025 398] .00 -0.1 

8.9 KO 5.0593 68 9.008 400/+.05 -0.4 

9.0 AO 5.0713 71 8.989 404] .00 +1.4 

8.8 +3.0310+67 +8.964-3599/+.04 -0.2 

7.7 Ad 3.0384 67 8.9357 400|/+.03 +0.1 

8.8 3.0298 66 8.928 3$99/+.09 +0.5 

8.8 5.0296 66 8.919 399)-.01 -1.9 

8.0 F5 5.0675 70 8.915 405/+.08 +0.5 

8.0 K2 +3.0909473 +8.899-408 |+.02 +0.3 

8.5 F8 3.0841 72 8.887 407/+.12 -1.3 

9.0 3.0537 68 8.826 404)/+.15 +0.5 

9.0 3.0676 70 8.825 405|+.07 +0.5 


Epoch of observation, 1914.4 


ZONE CATALOGUE, -2° to +1° 21 


AG Prec. Decl Prec. and ipa na Se BD 
No eae 1978 eeeee 1875 Sec.Var. Epoch| No 
0: 


8 
8. m pe Te +3.0545+68] -0°50'51.9|+8.784-404 +206 -0.7 30.8 |-0°690 
° 3.0572 69 8.771 405] .00 +0.3 29.7 ES 6935 
»6 AO 3.03574 66 8.735 402 +0 -1 627 


-0 694 
629 


5.0672 69 
3.03592 66 


8.731 406 
8.728 403 


wNOO0 NWOMNDAO WOORD OCFHOFKFO WOVHD DOOHN 


©9 KS +3.0768+70 +8.722-408 741 
4 GO 5.0457 67 8.715 404 -1 630 
. 35.0637 69 8.710 406 -0 695 
° 3.0402 67 8.706 403 -1 631 
8 F5 3.0527 66 8.699 402 -1 6352 


+3.0505+67 +8.662-405 
8.652 408 
8.608 407 
8.597 405 


635 
-O0 696 
-O 697 
-1 6358 
698 


3.0458 67 
3.0628 68 


+3.07352+69 +8. 576-409 


699 


XYOODO~WIW YWWWWOWO DWODD wwDMwow 


G5 3.0564 66 8.528 404 g -1 641 
~8 K2 5.0898 71 8.519 412/+.035 el 27.8 |+0 752 
~O KO 5.0651 68 8.517 408/-.03 eS 30.2 |-0 701 
-8 B8 5.0880 71 8.515 411} +.01 -8 26.5 |+0 753 


+3.0366+65] 


+8.510-405 643 


Rl 
SH5odh Soh 


CSOMmONMR DONA TUMNIONenNA 
wo 
@ 
e 
@ 


~8 Ke 5.0806 70 8.506 411]+.10 el 26.9 754 
-5 K2 5.0554 67 8.469 408/-.04 ~6 30.8 
9 F2 3.0747 69 8.448 410/+.05 05 29.7 
e2 GO 5.0297 64 8.436 405; .00 05 27.4 903 


+3.0756+69 
35.0625 67 
5.0744 68 
3.0956 70 


+8.405-411 
8.392 409 
8.348 411 
8.310 414 


1 + 
e e 
Or 
wm 
t] i] 
it no 


an 
0 
9.0 G5 53-0825 69 8.304 413/+.23 -5 
9.0 G5 +3.0944+70 +8.2352-415|/+.08 -0. 
9.0 3.0495 65 8.212 409. -.02 -0. 
8.8 F2 35-0816 68] 8.202 414/+.08 +1. 
9.0 AO 520634 67 8.190 411/+.11 -0. 
9.0 G 5.0631 67 8.172 412 0. 
9.2 Too faint 
9.0 +3.0778+68 +8.147-414 
7.8 Az 3.0688 67 8.129 413 
8.9 5.0557 64 8.128 408 
9.0 3.0787 68 8.126 414 
Pe +3.0488+65 +8.092-410 
8.9 KO 5.0488 65 8.082 410 
8.9 K5 3.0519 65 8.049 411 
8.6 G5 35-0376 64 8.044 409 
5.0 KO 3.0655 66 8.038 413 
958 7, Too faint 
8.6 K2 +3.0992+69 +8.011-418 
8.0 Az 5.0342 63 8.007 409 
8.0 B8 3.0875 68 7.999 416 
8.8 GO 53.0905 68 7.992 417 


979=PGC 1048. 995=PGC 1065. 
Epochs: stars 951 to 985, 1914.35; stars 986 to 1000, 1915.96 


22 YALE UNIVERSITY OBSERVATORY 


AG Prec. and Decl _fiine Pees 
No Seeetl 1875 Ee Var. ieee —— Epoch} No 
os 


a 
> 
< 
o- 
on 
pe 
‘| 
& 
be 
> 
| 
e 
i] 


1001 |8.6 A 1:5 
1002 |9.0 me 3. 0655 66 ‘ +.03 -0.9 28.1 
1003 |8.8 3.0388 63 7.924 411/+.02 -0.3 26.1 
1004 |9.0 3.0372 63 7.923 410/+.06 +0.7 26.5 
1005 |8.6 G5 3.0885 68 7.910 417/+.12 -0.5 27.5 
1006 |7.8 KO +3.0272+462 +7.889-409/+.12 0.0 
1008 |9.0 -O 25 13.0| 7.849 414/+.02 -1.2 
1009 |8.9 -116 5.0] 7.836 412/+.08 +0.4 
1010 |7.8 G5 +40 8 46.8| 7.833 416|-.02 -4.7 
1011 |8.9 -1 0 26.8]|+7.823-413/+.03 +0.8 
1012 |8.9 KO -114 4.6] 7.812 412/+.01 -0.9 
1013 |8.6 K5 -O 3411.0] 7.796 414/+.04 +0.6 
1014 |8.7 KO -2 7 35.1] 7.795 410/+.05 -0.1 
1015 |8.8 G5 -0 34 55.3] 7.790 414| .00 -1.2 
1016 |9.0 G +3.03735+62]-1 37 23.5/4+7.745-412/-.05 +1.1 
1017 |8.6 G5 3.0978 67|/+1 11 10.0] 7.733 420/+.02 -1.2 
1018 |8.6 K2 3.0750 65/+0 7 44.7| 7.716 417/-.06 -0.4 
1019 |8.8 AO 3.0800 66] +0 21 41.7] 7.690 418|-.01 +0.6 
1020 |9.0 3.0600 64/-0 34 10.6] 7.665 416/+.11 +1.2 
1021 |9.2 +3.0563+63|-0 44 24.0/+7.659-415/-.05 -2.1 
1022 |9.0 GO 3.0862 66/+0 38 48.2/ 7.653 419/-.01 -0.4 
1023 |8.9 Ke 3.0641 64]/-0 22 34.0] 7.632 417/-.01 -0.8 
1024*/6.2 BS 3.0883 66| +0 44 35.5] 7.611 420/-.03 +0.2 
1025 |9.0 A5 3.0730 65|/+0 2 7.0] 7.599 418]+.11 -0.5 
1026 |8.9 FS +3,.0936+66|+0 59 23,9/+7.598-421/+.05 -0.4 
1027 |8.4 G5 3.0791 65] +0 10.9| 7.593 419/+.05 -0.1 
1028 |8.3 G5 3.0787 65] +0 7.592 419/+.03 +1.2 
1029 19.0 G5 3.0992 67/ +1 7.581 422/+.06 +0.9 
1030 |9.0 3.0432 62|-1 7.577 414/+.03 -0.9 
1031 |8.7 KO +3.0632+64 +7.561-417| .00 -0.3 
1032 |8.8 3.0582 63 7.551 416|/-.05 -0.3 
1033 |9.0 3.0482 62 7.550 415|+.07 -0.1 
1034 |9.0 AO 3.0526 62 O| 7.534 416|-.06 +0.5 
1035 |9.0 3.0453 62/-1 14 42.4] 7.517 415/+.10 -3.5 
1036*|8.9 F8 +3,0582+63/-0 38 51.6/+7.490-417 |+.04 +1.3 
1037 19.2 3.0549 62/-0 48 13.9] 7.483 417] .00 -1.1 
1038 |8.9 K2 3.0478 62/-1 7 49.7| 7.476 416/-.01 -0.3 
1039 {9.0 G5 3.0708 64/-0O 4 6.1] 7.469 419] .00 -3.3 
1040 |8.8 Ke2 3.0738 64/+0 4 8.0| 7.452 419/-.06 -2.5 
1041) -|7%..5 KO +3.0651+63]-0 19 55.7 |+7.425-418/+.01 -1.5 
1042 |7.2 KO 3.0440 61/-1 18 0.5] 7.396 416/+.06 -1.4 
1043 |8.7 AO 3.0788 64/+0 18 14.3] 7.377 4211+.07 +0.7 
1044 |9.0 FO 3.0574 62/-0 41 8.2] 7.368 418] .00 -0.9 
1045 |8.4 F5 3.0409 61]-1 26 42.2] 7.322 416/-.03 -3.1 
1046 |9.0 +3.0450+61]/-1 15 17.6 |+7.319-417 |-.01 +0.4 
1047 |8.0 AO Double +0 43 

1048 |9.2 3.0476 61|-1 8 7.3] 7.288 4171/-.10 +0.3 
1049 |9.1 3.0584 62]/-0 38 16.4] 7.271 419] .00 +1.0 
1050 |8.9 3.0848 64 37.3| 7.266 422/+.02 -3.2 


1024=PGC 1084. 1036#Bu 2296:8.9,9.9,5", separated on plates. Epoch, 1913.96 


ZONE CATALOGUE, -2° to +1° 235 


Prec. and Decl Prec. and pee ee ee ha BD 
en 19r8 Eee: Var. 1875 Sec.Var. Epoch| No 


5 10. 62 +3. =0791463| 40 °19' 102 |47.254-422 


@ 
° 


3.0507 61 
5.0298 59 
3.0950 65 
3.0307 59 


+3.0468+60 
5.0987 65 
5.0866 64 
5.0912 64 
5.0542 61 


+3.0354+59 


7.251 418 
7.250 415 
7.245 424 
7.201 416 


+7.185-418 |- 


7.176 425 
7.160 424 
7.141 424 
7.141 419 


+7 ° 118-417 


7.115 417 
7.104 418 
5.0428 60 7.092 418 
5.0971 64 7.074 426 


+35.0886+63 +7 .064-425 
5.0465 60 7.042 419 
3.0702 61 7.039 422 
5.06635 61 7.026 422 
5.0796 62 7.000 424 


ee) 


4 
PHO 
e 


+3.0358+59 +6.997-418 
5.0966 63 6.984 426 
5.0951 63 6.895 427 
5.0938 63 6.872 427 
3.0586 60 6.869 422: 


ee 
i] 

Oro 
e 


oS 


HPmrowes NONKRFR OFPFRFO DMO~NON NVNHAOMNNVY WOOF O FPOrFWA 


+3.0960+63 +6.861-427 
5.0808 61 6.821 425 
3.0909 62 6.808 427 
3.0796 61 6.800 425 
5.0794 61 6.761 426 


U 
ro 
e 


5 


a 
Or 


+3.0654+60 +6.752-424 
3.0822 61 6.721 426 
5.0587 59 6.704 4235 
3.04355 58 6.703 421 
5.0996 62 6.699 429 


J 
ox ss) 


e 
e e ° es @ 


e 
1 + +3 
Coot S85 


+3.0846+61 +6.691-427 
3.0263 57 6.688 419 
3.08535 61 6.684 427 
3.0375 57 6.669 421 
5.0837 61 6.664 427 


oe @ 


ate 


+3.0591+59 +6. 645-424 
3.0680 59 6.632 425 
5.0542 58 6.627 423 
5.0482 58 6.615 4235 
5.05355 58 6.599 4235 


+1 
@ e 


1 
re FOROS) ceed cn SM 
e 


+5.0955+61 +6.578-429 
3.0906 60 6.528 429 
5.0865 60 6.520 429 
3.0470 57 6.508 423 
5.0928 60 6.504 429 


8. 5 
9.0 
9.0 
9.0 
7.5 
9.0 
9.0 
8.0 
8.2 
9.0 
9.1 
9.35 
8.7 
8.8 
9.0 
9.1 
9.0 
9.0 
7.0 
8.5 
9.0 
9.0 
9.0 
9.0 
8.8 
8.4 
9.0 
9.0 
8.9 
8.2 
8.0 
8.4 
9.2 
9.0 
9.0 
9.0 
8.7 
8.5 
8.6 
8.8 
9.0 
9.2 
8.4. 
8.8 
8.9 
8.9 
8.6 
9.0 
7.5 
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1096=Bu 2375:9.6,9.8,2". Epoch, 1914.0 


1092=Bu 13014:9.2,11.0,0.8. 
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Photo-Nicola dew 
Epoch 


+3, #0654458 |- 

3.0527 57 6. 488 “424 
3.0698 59 6.480 426 
3.0554 57 6.438 425 
3.0656 58 6.423 426 
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+3.0951+60 
3.0978 60 
3.0842 59 
3.0686 58 
3.0889 59 


+6.416-430 |- 
6.405 431 
6.384 429 
6.384 427 
6.364 430 
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+3.0683+58 
3.0448 56 
3.0702 58 
3.0396 55 
3.0393 55 


+6.355-427 
6.352 424 
6.527 428 
6.502 424 
6.502 424 
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' i++ 
obnH 58 


eee © 
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eee 
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+3.0768+58 +6.296-429 |- 


e e °@ e o ° ee 6° e 
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COWMD DODOHO WOVMH OCOOUNNA DBDROON OOnm~m BDONOHDO GMEOWOH DODODODWRMR BnNWOOM 


7 
2 
8 
8 
8 
8 
8 
9 
8 
8 
9 
8 
8 
8 
8 
8 
9 
8 
8 
8 
9 
8 
9 
8 
9 
3 
9 
9 
8 
6 
8 
9 
9 
9 
9 
8 
8 
8 
9 
8 
9 
8 
9 
9 
9 
8 
8 
8 
9 
9 


‘3.0286 55 
3.0927 59 
5.0733 58 
3.0283 55 


+3.0416+55 
3.0968 59 
3.0419 55 
3.0294 54 
3.0633 57 


+3.1000+59 
Too faint 
3.0925 58 
35-0278 54 
3.0781 57 


Double 
+3.0407+55 
- Double 

5.0712 57 

5.0468 55 


+35.0655+56 
- 320599 56 
5.0949 58 
3.0398 55 
5.0774 57 


+3.0576+56 
3.0933 58 
3.0850 57 
5.09635 58 


3.0303 54 


+3.0609+56 
3.0978 58 
5.0739 56 
520262 53 
5.0918 58 


Epoch of 


6.2835 422 
6.279 431 
6.265 428 
6.261 422 


+6.251-424 
6.226 432 
6.215 424 
6.207 423 
6.193 428 


+6.190-433 


6.182 432 
6.174 423 
6.162 430 


+6.137-425 


6.125 429 
6.122 426 


+6.117-428 
6.115 428 
6.104 433 
6.103 425 


6.097 430|- 


+6.092-427 
6.084 433 
6.069 431 
6.060 433 
6.056 424 


+6.056-428 
6.040 433 
6.034 430 
6.030 424 
6.009 433 


observation, 1914.1 
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ZONE CATALOGUE, -2° to +1° 25 


AG Prec. Decl Prec. and iba wank aire BD 
No Sects 1978 Sec. Yoel 1875 Sec.Var. Epoch| No 


+3.0728+56| +0 1'25. 3 +5. 974-430 
3.0900 57 5.952 433 
5.0441 54 5.952 427 
5.0342 53 5.907 425 
5.0872 56 5.889 4335 


oe e 


+3.0609+55 02|+5.877-429 
5.0555 54 5.875 429 
3.0781 56 5.873 432 
3.0709 55 5.846 431 
3.0364 53 5.839 426 


ee 8 © @ 
1 t 

oOoOnoo 
eee e 


+3.0525+54 +5.8359-428 
5.827 428 
5.823 428 
5.822 430 
5.779 434 


é 


ee 
$8 8 

QrErO 
eo @ @ 


+5.755-435 
5.707 431 
5.704 434 
5.699 425 
5.681 4352 


J 
[oXe) 
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eee © e 
t] 
tho 
e © e 


t+ 
FrOP 


+3.0778+55 +5.672-433 
3.0671 54 5.670 432 
3.0528 53 5.667 429 
3.0568 53 , 5.659 430 
3.0870 55 5.646 434 


eee 
i] 
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as 
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+3.0859+55 +5. 6357-434 
5.0400 52 5.636 428 
3.0645 54 5.629 431 
3.0525 53 5.607 430 
5.0843 54 5.578 434 


oe @ 
oy 
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+3.0916+55 +5. 570-436 
3.0296 51 5.533 487 
Too faint 
3.0990 55 5.495 437 
5.0282 51 5.473 427 


+3.0304+51 +5.448-428 
3.0538 52 5.382 431 
3.0930 54 5.365 437 
3.03572 50 5.314 429 
3.0357 50 5.502 429 


+3.0417 +51 +5.300-430 

5.0388 50 5.298 430 
3.0948 53 5.280 438 
3.0948 53 5.264 435 
Too faint 
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e@e@8e@ 68 66 
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+3.0722+52 +5. 828-435 | 
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9 
8 
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8 
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9 
9 
9 
9 
9 
9 
7 
9 
8 
9 
9 
8 
9 
9 
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8 
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8 
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9 
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8 
9 
8 
9 
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9 
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8 
7 
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° 
OMnnDno wak m 


3.0276 49 
3.0404 50 
3.0837 52 
5.0567 49 


Epoch of 


5227 428 
5.205 430 
50158 437 
5.148 4350 


observation, 1914.1 
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AG Magn Prec. Decl Prec. and ge EB 
No Spestin aere Sec. Yor? os Sec.Var. Epoch No 


8.5 F M41 °88| 4320705451 +5. 131-435 801 Ve 26.2 846 
4 re 50.36| 3.0908 52 5.119 438]-.11 -1. 
-4 KO 3.25| 3.0504 50 5.101 432/+.01 -0. 
3 12.66| 3.0348 49 5.088 430|/-.12 -0 
e 21.63 35-0743 51 5.075 436 -.07 -1 


® 29.95 +3.0941+52 +5.064-439 -.02 0. 
-8 FO 40.81) 3.0489 49 5.048 4352}-.09 +1. 
09 AS 45.35| 3.0548 50 5.042 433)/-.04 0. 
° 45.45/ 3.0943 52 5.042 439|/-.09 -1. 
9 FS 56.04| 3.0858 51 5.027 438/-.05 -0. 


+3.0897+51 
3.0974 52 
3.0538 48 
3.0937 51 
3.0485 49 


+5.022-438 
5.007 440 
5.006 431 
4.996 439 
4.977 433 


DmAYPFO NOONO OMEFOO HRNWDOM OMWmMM WADWDD MOWOO NO@DGVHY HOWDOO® OOP he 
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+3.0406+49 
35-0348 48 
5.0545 49 
3.0559 49 
3.0428 48 


+4.971-432 
4.950 431 
4.888 434 
4.878 434 
4.872 433 


+3.0267 +47 
3.0996 51 
3.0865. 50 
3.0702 49 
3.0688 49 


+4.863-430 
4.836 441 
4.855 439 
4.823 437 
4.805 437). 
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° 58.45) +5.0287 +47 +4.797-431 

~5 BY 15.96; 3.0804 49. 4.744 438 2 

° 18.25| 3.0505 48 4.741 434 4 

-5 F5 19 Double 

° 18.69} 35.0266 47 4.740 431 6 

6 F2 39.94 |+3.0825+49 +4.710-439/+.12 0.0 30.5 
° 48.23| 3.0770 49 4.698 438] .00 +0.7 21.1 
-9 KO 50.72} 3.0989 50 4.695 441)-.06 -2.5 28.1 
5 KO 59.70| 3.06935 48 4.682 437) .00 -2.8 28.4 
ol AS 1.72] 3.0279 46 4.679 431/-.02 -0.6 26 

-O F5 13.04 | +3.0706+48 +4.665-438/+.01 -0.8 28.5 
OK 19.38 | 5.0336 46 4.654 432/+.07 +0.2 27.5 
1 AO 30.59 | 3.03535 46 4.638 432] .00 0.0 28 

-5 AO 37.352| 3.0667 48 4.629 437/+.03 -1.2 30.5 
oO G5 57.57 |+3.0807 +48 +4.600-439 |-.15 +0.8 24.7 
° 4.85) 3.0505 47 4.590 435/+.04 +0.8 26.7 
° 17.54 | 3.0339 46 4.572 433/+.08 -0.5 30.5 
-O K2 21.74|] 3.0816 48 4.566 440/+.01 -1.1 350.0 
-7 AS 5.0487 47 4.556 435/+.01 -1.2 29.5 
00 AO |7 +3.0237+45 +4. 544-4351 |-.01 -0.4 26 

«4 Mb | 8 14.58) 3.0561 47 4.491 436 |+.02 +0.35 29.7 
-7 AO |8 57.63| 3.07035 47 4.429 439 |+.01 -0.7 29.0 
-5 F2 |8 58.84 | 3.0368 45 4.427 424 |-.06 +1.8 28.4 
~-8 A219 17.09} 3.0735 47 4.416 439 |+.04 -1.0 29.5 


1226=Bu 2565:9.2,9.3,027. 1227=Bu 2571:8.0,8.5,0!2. Epoch, 1914.11 


ZONE CATALOGUE, -2° to +1°° 27 


AG Prec. Decl Prec. and Se a ey BD 
No anee tl 1875 S00:Yare eee Sec.Var. Epoch No 
m +4. | 389-434 
3. 0992 48 


4.383 443 
3.0514 46 4.357 436 
3.0316" 45 4.533 433 
3.0496 45 


4.322 436 
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eee 
O3000 
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eee ee 


+3,0488+45 
3.02435 44 
3.03582 44 
5.0613 45 
3.0607 45 


+4. 308-436 
4.265 453 
4.254 435 
4.248 438 
4.225 438 
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bbb5S SS8Sh_ 
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+3.0627 +45 
5.0683 46 
5.0827 46 
3.0979 47): 
5.0432 44 


+4. 209-439 
4,202 439 
4.174 442 
4.167 444 
4.156 436 


aware 
eee e @ 
+f od 
FPOQORroOOo- 


NHrWwWE tay) 


+3.0441+44 +4.105-436 
4.086 444 
4.065 443 
4.062 436 


4.058 436 
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+3.0382443 
3.0346 43 
3.0895 45 
3.0883 45 
3.0916 45 


+4.055-436 
4.054 4355 
4.053 443 
4.023 443 
5.999 444 


wor ate 
Or on QO~ NW 
e 
e 


bLb38 


on 
Oo 
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+3.0829+45 
3.0926 45 
5.0339 42 
3.0598 43 
3.0606 43 


+3. 978-442 
3.961 444 
5-900 436 
5.899 439 
3.880 440 
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EF NOANDEH 


+3.840-442 
5.801 438 
3.800 442 
3.797 442 
3.774 443 


+5.0750+44 
3.0455 42 
3.0726 43 
5.0743 43 
3.0795 43 


w 
eee 


+3.0990+44 
Double 

5.0956 44 
5.0240 41 
5.0847 43 


+5.772-446 


5.765 445 
5.763 435 
3.736 444 


RIA oO anor 


ee 8 ee 
e ° 


+3.0565+41 
5.0465 42 
3.0659 42 


+3.7356-437 
3.751 4358 
5.714 441 
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1254=Bu 13048: 
1298=PGC 1300. 


9.5,9.6,002. 


Epochs;: 


3.0497 42 
3.0895 43 


+3.0478+42 
Double 

3.0490 41 
5.0504 41 
35.0872 43 


1279=PGC 1283. 


5.714 439 
3.705 444 


+35.705-438 


5.644 439 
5.621 439 
5.620 444 


stars 1251 to 1263, 1914.11; 


1280=PGC 1284. 


1295=PGC 1295. 
stars 1264 to 1300, 1914.17 
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AG Magn 
No erecta 1278 
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Prec. 


Decl Prec. and ee 
Seo Ware me Sec. Tere Epoch No 


+3. "096843| + 
3.0571 41 
3.0554 40 
3.0816 42 
5.0228 40 


+3.0888+42 
3.0522 41 
5.0940 42 
35-0880 42 
3.0818 42 


+3.0269+59 
5.0845 41 
5.0684 41 
3.0612 40 
3.0448 40 


+3.0583+40 
53-0276 39 
3.0952 41 
3.0859 41 
3.0606 40 


+3.0658+40 
5.0245 39 
5.0281 39 
3.0952 41 
3.0998 41 


+3.0235+39 
3.0879 41 
3.0314 39 


_ 601015 41 


3.0290 39 


+3.0251+39 
3.0703 40 
3.0981 41 
3.0592 40 
3.0560 39 


+3.0293+38 
5.0965 41 
3.0238 38 
3.0745 40 
3.0236 38 


+3,097140 
3.0236: 38 
3.0689 39 
3.0425 39 
3.0694 39 


+3.0514+39 
3.0740 40 
3.0448 39 


3.0296 38}. 
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43, 603- 446 
3.556 440 
3.544 437 
5.558 444 
5.533 435 


+3, 512-445 
3-510 440 
5.497 446 
3-488 445 
3.472 444 


+3.451-436 
3.440 445 
3.451 442 
3.422 441 
3.415 439 


+3.412-438 
3.411 437 
5-382 446 
3.382 445 
5.571 441 


+3. 368-442 | 


3.567 436 
3.359 437 
3.357 446 
3.548 447 


+3. 534-436 
3.333 445 
3.528 437 
3-525 447 
5.322 437 


+3. 318-437 
3.307 443 
3.289 447 
5.285 442 
5.266 441 


+3, 258-437 
3.254 447 
5.248 437 
3.259 444 
3.238 437 


+35.256-447 
5.219 437 
5.219 443 
3.205 439 
5.204 4435 


+3.195-441 
5.194 444 
5.190 440 
3.181 438 
3.158 438 
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1502=Bu 13059:8.0,8.6,0+2. 
1340=Bu 2768:9.0,9.7,5", separated on plates. 


1336=Bu 13062:9.1,10.3,0°7. 
1348=PGC 1327. 


1346=PGC 1326. 
Epoch, 1914.17 


AG 
No crates 1978 
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eocee oe 
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OD ongm NHWOONWnWw DWDMOWMO OMONHY WANWNDOO NHNXNWHLO BMmM@Oan OKRHAO OHM 


| ek, eee, ee fo 


e e eee . e e e°¢ 


eoe3#e#ee 


8 
8 
7 
6 
8 
8 
8 
9 
4 
8 
9 
9 
7 
8 
8 
9 
8 
2 
vA 
7 
8 
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1355=Bu 13066:9.3,9.8,0.2. 


ZONE CATALOGUE, 


Prec. 
Sec. et 


+3.0463+38| - 
3.0504 38 
5.0784 39 
5.0958 40 
5.0614 39 


+3.0706+39 
35-0964 40 
5.0243 37 
Defect 

5.0727 38 


+3.0441+38 
5.0267 37 
3.0635 38 
Too bright 
5.0602 38 


+3.0331+37 


+5.05214+357 
5.0600 37 
5.0435 37 
5.0695 37 
5.0684 37 


+3.0504+356 
3.0592 37 
35,0297 36 
3.0463 36 
5.0562 36 


+3.0262+356 
5.1017 38 
5.0526 36 
5.0699 37 
320613 37 


+3.0482+36 
53.0726 37 
3.0674 36 
3.0514 36 
3.0640 36 


Too faint 
+3.0533+36 
3.0263 35 
3.0820 37 
5.0818 37 


1369=PGC 13543. 


to +1° 


5.126 441 
5.125 444 
3.117 447 
S.10& 442 


+3.102-444 
5-096 447 
32047 437 


3.024 444 


+3.022-440 
5.016 458 
2.997 443 


2.991 443 


4+2.975-439 
2.956 448 
2.944 444 
2-953 439 
22.930 437 


+2.924-442 
2.902 440 
2-897 439 


2-877 446 


4+2.8735-442 
2-871 443 
2.862 441 
2.847 444 
2.837 444 


+2.854-439 
2.820 443 
2-818 439 
2-816 441 
2-814 440 


+2.804-438 
2.794 449 
2.787 442 
2.783 445 
20775 443 


+2.752-442 
2.746 445 
22744 444 
20755 442 
2.725 444 


+2.717-442 
2.709 438 
2.701 446 
2.697 446 
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1578=PGC 1349. 


29 


Decl Prec. and een eee BD 
1875 Sec.Var. : Epoch No 
1° 


7°40. 9 43; "153-440 


Epoch, 1914.17 
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No eee 1878 S20. Wiss 1875 Sec.Var. Epoch No 


m 
9°10. 65 +3.0726+36 | +0 "54.2 +2, 689-445 


3.8 role 320276 35 2.684 439 
96 3.0291 35 2.680 4359 
8. 5.1009 37 2.679 449 
9.0 AO 5.0873 36 2.679 447 


+35.0475+35 
5.0295 35 
5.0523 35 
Too bright 
3.0325 35 


+2.666-442 
2.646 439 
2.644 442 
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2.620 440/+.02 +1.1 25.6 


~5 B8 +3.0245+35|/-2 3 52,8/+2.600-459/-.05 -0.5 25.6 
-8 BY 3.0466 35/-1 6 30.6| 2.594 442/+.03 -0.2 31.2 
° 500771 36)+0 12 39.7) 2.588 446/+.02 -1.9 30.1 
-8 BY 5.0542 35)-0 46 53.1) 2.566 443/+.02 -0.4 235.6 
~O AO 53.0659 35)/-0 16 30.4| 2.547 445/+.06 +0.8 22.1 
eO AO +3.0598+35/-0 52 17.0/+2.547-444/+.035 +0.4 24,35 
-8 B9 3.0318 34/-1 44 46.9) 2.538 440]-.01 +1.2 26.6 
~9 AO 35-0649 35)/-0 19° 6,0) 2.521 445| .00 0.0 27.2 
-8 B8 5.0575 34]/-1 29 59.2) 2.509 441/}/+.06 +1.0 27.2 
~6 B8 3.0524 54]/-0 51 19.2) 2.496 443|+.04 +2.1 26.1 

A2 +3.0778+35/+0 14 25.5/+2.494-446 |-.02 23.1 


3.0929 36 
3.09335 36 
5.0537 34 
5.0661 35 


22492 449 
2.488 449 
2.488 440 
2-482 445 


23 

23.1 
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+3.0662+35 
5.0662 35 
5.0299 34 
5.0434 34 
3.0671 35 


+2.469-445 
2.464 445 
2.460 440 
2.454 442 
204353 445 
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+3.0460 +34 
3.1002 35 
5.0434 34 
5.0420 354 
5.0242 33 


+2.427-442 
2.421 450 
2.594 442 
2-580 442 
26374 439 
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+3.0899 +34 
5.0916 34 
520259 33 
5.0376 33]. 
5.0509 33 


+2.340-449 
22.553 449 
2-502 439 
2.295 441 
2293 440 
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28.7 
26,27 
29,28 
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F5 +3.05454+33 +2.292-443| .00 +0.1 24.6 

G 5.0521 33 26289 440 /+.09 -3.2 23,21 

AO 3.0932 34 2.284 449|-.04 +0.5 32.6 
0. 


3.0367 33 
Too bright 


2.279 441 2762 


8 BS +3.0445+33 +2.227-442 
°4 B5 3.0357 32 20217 441 
A5 5.0785 33 20212 447 


3.0469 32 
5.0599 32 


2188 443 
2.183 442 
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1419=Bu 2863:8.4,9.0,0°8. 1426=Bu 2873:9.2,9.4,126. Epoch, 1914.17 
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ZONE CATALOGUE, 


AG Magn Prec. Decl Prec. and Photo-icolajew BD 
No asertn 1878 Seee Rint 875 eeostere Epoch No 
n 


+3.0316+32 
5.0704 32 
3.0716 32 
3.0714 32 
5.0334 31 


+3.0749+32 


+3.0227 +31 
3.0841 31 
3.0553 31 
3.0335 30 
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-2° to +1° 


+2, 159-440 
2.0835 446. 
2.054 446 
2.051 446 
2.024 441 


+2.009-447 
1.991 449 
1.979 450 
1.976 443 
1.943 450 


+1.938-440 


| 1.880 449 


1.880 444 
1.823 441 


26, 4 26.2 
-2.1 27.0 
-2.0 28 
-0.5 28, 27 
-2.7 26,25 


-0.5 27.1 
40.6 25.1 
+2.2 25.0 
+0.5 25.0 
-0.39 27.6 


0.0 22.1 
-1.9 28.0 
-1.2 28.4 
-1.6 27.1 
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3.1067 31 1.771 452 50.2 
+3.05353+30 
3.0983 31 
3.0729 30 
5.0936: 30 
5.03592 29 


+1.742-444 
1.736 451 
1.720 447 
1,707 450 
1.682 442 
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1.586 451 
1.581 445 
1.568 445 
1.545 450 


28.4 
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+3.0538+29 
3.1002 30 
3.0556 29 
3.0535 29 
5.0881 29 
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30,29 
28.6 
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+3.0297+28 +1. 541-441 
3.0363 28 1.536 442 
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3.0557 29 
5.0270 28 
3.0303 28 


+3.0554+28 
3.0651 28 
5.0749 28 
Too faint 
5.03581 27 


+35.0381+27 
3.0418 27 
3.0792 28 
3.0272 27 
3.0475 27 


+3.0265+27 
3.0501 27 
3.0244 26 
5.0285 26 
5.0897 26 


+3.0291+26 
5.0465 26 
3.0942 26 
35-0245 25 
3.0850 26 


1.525 445 
1.508 441 
1.506 441 


+1.471-445 
1.458 446 
1.437 448 


1.373 442 


+1,571-442 
1.559 443 
1.354 449 
1.274 441 


1.248 444 | 


+1.242-441 
1.223 445 
1.198 441 
1.169 442 
°1.136 450 


+1.073-442 
1.047 444 
1.025 451 
1.010 441 
1.004 450 


Epoch of observation, 1914.1 
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30.5 
24.1 
24.0 
27.5 
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AG Magn Prec. Decl Prec. and ri 
No Spectm 1078 a ioe 1875 Sec.Var. Epoch No 


"53.6 |+0.991-446 See 
0.987 445 /- 
0.978 441 
0.946 444 
0.920 445 
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+0.917-451 
0.8635 442 
0.830 444 
0.786 448 
3.0812 24 0.786 449 
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+3.0812+24 +0.784-449 
3.0770 24 0.784 449 
3.1004 24 0.748 452 
3.0487 24 0.714 445 
5.0244 23 0.710 441 
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0.521 446 
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+35.0236+22 
3.0330 22 
3.0705 21 
3.0976 21 
3.0982 21 


+0.402-441 
0.400 442 
0.360 448 
0.357 452 
0.5351 452 
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+35.0503+21 
320239 21 
3.0582 21 
5.0671 20 
3.0866 20 


+0. 3512-445 
0.274 441 
0.274 446 

0.205 447 
0.192 450 
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+3.0357 +20 +0.156-443 
3.0355 20 0.141 443 
3.0460 20 0.122 444 
3.0926 20 0.114 451 
3.0867 20 0.092 450 
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+3.0598+19 +0.071-446 
5.0432 19 0.068 444 
3.0235 20 0.063 441 
3.0832 19 0.054 450} 
5.0216 19 0.054 441)- 
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+3.0855+19 +0.032-450 
3.0728 19 +0.008 448 
3.0500 19 -0.005 445 
5.0487 19 -0.015 445 
3.0675 19 15.5}*0.048 447 
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1508=Bu 13089:8.7,10.5,0°8. 1511=Bu 3070:9.0,10.0,0°2. 1517=PGC 1488. 
Epoch of observation, 1914.14 


ZONE CATALOGUE, -2° to +1° 33 


Ars Prec. Decl Prec. and eee BD 
No Spectm 1875 Sees i 1875 Sec.Var. Epoch No 


+35. =0745419| +0 ac ‘051-448 
5.0916 19 0.053 451 
5.0903 19 ° 0.058 451 
3.0514 19 ° 0.084 445 
5.0270 19 ° 0.090 441 


ee 
SCon}ey 
© 2 @ 6 
WOME 


e 
rNDwododo 


+5.0438+18 
5.0491 18 
5.0985 18 
3.0396 18 
5.0274 18 
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0.107 445 
0.164 452 
0.166 443 
0.174 441 
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+3.0760+18 
3.0251 18 
5.0632 17 
5.0956 17 
3.0596 17 


-0.219-448 
0.231 441 
0.285 447 
0.291 451]- 
0.324 446 
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+3.0657+17 
5.08935 17 
3.0582 17 
3.0673 17 
5.0259 17 


-0. 524-447 
0.3525 450 
0.541 446 
0.342 447 
0.355 441 
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-0. 359-447 
0.3578 448 
0.419 442 
0.420 441 
0.449 441 


+3.0672+17 
5.0764 16 
3.0304 17 
3.0288 17 
3.0260 16 
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3.0904 16 0.476 450 
3.0420 16 0.490 443 
5.0657 16 0.513 447 
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+35.0418+16 -0.551-443 
5.0684 15 0.555 447 
5.0475 16 0.561 444 
3.0906 15) 0.573 450 
3.0767 15 0.594 448 
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+3.0867+15 -0.596-450 
3.0504 15 0.600 444 
3.0613 15 0.610 446 
3.0481 15 0.617 444 
5.0588 15 0.633 446|- 
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+3.0305+15 -0. 638-441 
5.0659 15 0.639 447 
3.0483 15 0.655 444 
53.0349 15 0.694 442 
5.0931 14 0.699 451 


4 
wo 
° 


+3.0879+14 -0.708-450 | - 
0.708 450 
0.709 450 
0.736 446 
0.7435 442 
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1600=Bu 3251:9.0,10.7,2". Epoch of observation, 1914.14 


AG Magn 
No pec 
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YALE UNIVERSITY OBSERVATORY 


tm 
hm 8 Ss U w Ss 

AO} 8 29.36|+3.0654+14 46.3/|-0.743-446/ +.01 
B5| 9 5.27] 3.0926 14/+0 52 20.9} 0.795 450/-.09 
G5| 9 6.76] 3.0405 14]-1 21 0.797 443/+.04 
F5| 9 12.48) 3.0613 14 0.806 446/-.23 
A2| 9 16.931 3.0725 14 0.812 447/-.03 
9 19.18|/+3.0440+414/-1 12 34.7) -0.815-443/ +.06 
F5| 9 +1 12 24.6) 0.826 451/-.06 
B9| 9 +0 54 54.9) 0.843 450/-.01 
B8| 9 +0 3 18.35) 0.861 447] +.06 
KO| 9 +0 45 45.8) 0.862 450/+.02 
B8 +3.0984+13/+1 7 12.9|}-0.866-451/ +.07 
B8 3.0701 13}-0 5 39.7/] 0.914 447)-.15 
A2 3.0787 13/+0 16 43.2] 0.934 448) -.07 
GO 5.0942 13/+0 56 34.8] 0.935 450/-.02 
KO 3.0966 13/+1 2 36.0) 0.938 451/+.05 
B9 +3.0785+12] +0 16 11.2)-1.012-448] -.05 
AO 5.0346 13/-1 36 57.0} 1.021 442)-.06 
AO 3.0846 12/+0 31 54.8) 1.0235 449) +.07 
B5 5.0647 12;-0 19 31.5} 1.027 446/-.06 
KO 5.0415 12}/-1 19 5.7} 1.119 442] +.01 
F8 +5.0665+12/-0 14 42.6/-1.128-446| +.05 
KO 3.0521 12]/-0 51 56.0] 1.1356 444] +.03 
A 3.0554 12}/-1 40 3.1} 1.150 441) +.05 
AO 5.0453 12}/-1 9 25.1] 1.170 443] +,03 
+3.0555+12]-1 35 17.2)-1.188-441] +.02 
3.0447 12}/-1 10 51.8] 1.209 443/-.04 
AO 3.0256 12/-2 O 9.1) 1.221 440| +.04 
AO 5.0435 12]/-1 14 34.4] 1.228 442) +.01 
3.0248 12}-2 2 6.7] 1.235 440] +.04 
AO +3.0416+12}-1 18 49.2|-1.241-442]|-.02 
K2 3.0909 11}/+0 48 4.4; 1.257 449/-.09 
K2 5.0791 11]/+0 17 38.5) 1.274 448] +.04 
K2 5.0413 11}/-1 19 43.7] 1.303 442] +.04 
B9 5.0451 11 55.9} 1.311 443] +.01 
+3.0659+10 -1.528-446] +.07 
GO 5.0557 11 1.342 444] -.06 
G5 5.0611 11 1.342 445) +.01 
AO 3.0806 10 1.356 448] -.03 
AS 6.0263 11 1.374 440] -.04 
KO +3.0570+11 -1. 576-441] +.10 
K5 5.0601 10 1.376 445/] +.03 
3.0738 10 1.385 447] -.13 
AO 5.0388 11 1.595 441] -.01 
F2 5.0320 11 1.599 441|-.22 
AS +3.0339+11 -1.402-441] -.04 
KO 5.0620 10 1.418 445] -.03 
A2 3.0758 10 1.422 447|-.08 
5.0248 11 1.424 439] +.08 
5.0225 11 1.436 459] +.02 


1604=PGC 1574. Epoch of 
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observation, 1914.1 


ZONE CATALOGUE, -2° to +1° 35 


AG |Prec. Decl Prec. and Te ae ew BD 
1045 Sec. wee 1875 Sec.Var. Sash No 
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+3, ~0542410 |- -1.439-444 
3.0387 10 1.446 441 
3.0782 9 1.467 447 
3.0362 10 1.472 441 
3.0942 9 1.474 449 
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+3.0515+10 -1.485-443 
5.0655 9 1.515 445 
53.0733 9 , 1.516 446 
5.0732 9 1.530 446 
30511. 9 1.541 443 
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+5.0811+ 9 -1. 542-447 
5.0394 10 1.556 441/+ 
3.0564 9 1.569 444 
5.0408 1.594 441 
5.0949 1.597 449 


+3.0772+ 
3.0959 
5.0830 
3.0654 
5.0891 


-1.606-447 
1.618 449 
1.628 447 
1.629 445 
1.635 448 
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+3.0520+ 
5.0652 
5.0927 
5.0338 
3.0517 


-1.651-443 
1.687 444 
1.697 449 
1.704 440] - 
1.719 440)- 


-1.737-441 
1.752 443 
1.765 440 
1.774 447 
1.775 442 


-1.776-440 
1.777 447 
1.786 449 
1.787 444 
1.794 449 
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3.0841 
5.0931 
3.0600 
5.0935 
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-1.800-442 
1.815 446 
1.818 447 
1.824 445 
1.851 444 


+35.0495+ 
5.0771 
5.0809 
3.0675 
3.0595 


-1.860-4358 
1.860 443 
1.865 439 
1.876 439 
1.8935 444 


+3.0226+ 
3.0538 
320317 
3.0306 
3.0635 


+3.0571+ -1. 920-443 
3.0573 1.945 443 
3.0571 1.946 440 
3.0608 1.958 443] + 
3.0770 1.962 446 
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1664=Bu 3355:7.6,9.6,1". 1681=PGC 1621. 1682=Bu 3382:9.2,9-°9,0.7. 
1688=PGC 1626. 1689=PGC 1630. Epoch of observation, 1914.08 


36 YALE UNIVERSITY OBSERVATORY 


AG | Magn RA |Prec. and| Decl |Prec. ana aE 

No Spectm at Sec.Var. | a See. Var. Epoch No 

8 
+3.0787 +6 ~2.012-446 
3.0226 7 2.016 438 
5.0719 6 2.042 445 


5.0822 5 2-061 446 
5.0921 5 2-070 448 
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+5.0735+6 -2.089-445 
5.0655 6 2.102 444 
5.0677 6 2.105 444 
5.0651 6 2.1135 444] - 
3.0558 6 2.155 442 
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+3.0526+6 -221435-448 | - 
3.0579 5 2.189 442 
5.0934 4 2.197 447 
3.0521 5 4 2.257 441 
3.0718 5 2.244 444 
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+3.0806+4 -2.246-446 
3.0496 5 2.248 441 
50843 4 2.297 446 
3.0429 5 2.522 440 
5.0526 5 O| 2.525 438 
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+35.0349+5 -26 3556-439 
5.0549 4 2.557 441 
3.07355 4 225735 444 
3.0890 3 2.581 446 
5.0461 4 2.382 440 
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+3.0685+4 -2. 386-443) - 
5.02835 5 2409 437 
3.0259 5 2-415 437 
5.0262 5 2-466 437 
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+3.0861+3 
5.0951 2 
53.0596 4 
3.0710 3 
5.0862 2 


-22491-446 
2.515 447 
2.520 439 
2.551 443 
2.538 445 
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+3.05284+3 
5.0597 3 
5.0227 4 
5.0492 3 
5.0355 4 


~2. 545-441 
2.546 442 
22556 436 
22565 440 
2-569 438] - 


+3.03589 +3 ~2.604-4359 
3.0256 4 2.616 436) - 
5.0623 3 2.617 442 
3.0990 1 2.6350 447 
5.0871 2 = | 2.640 445 


+3.0369+3 ~2.646-438 
5.0476 3 2.646 440 
3.0738 2 2.657 443 
5.06356 2 2.657 442 
5.0502 3 2.665 437 
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1725=PGC 1666. 1732=PGC 1678. | Epoch of observation, 1914.1 
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1785=PG6GC 1710. 


ZONE CATALOGUE, 


Prec. 
Sec. a 


+3. “0267 +3 


+5.0371+3 
5.0702+2 
5.0868+1 
3.0589+2 
5.0402 +2 


+3.0983 0 
3. 0242+3 
5-0596+2 
5.041342 
5.076941 


+3.0936 0 
5.0275+35 
3.0805+1 
3.078341 
3.07 5141 


+3.1000 0 
3.0999 0 
35.0841 0 

. 5.0774 0 
3.0870 0 


+3.08835 0 
3.0558+1 
5.0429+1 
3.0895 0 
35. 0549+2 


+35.0968-1 
5.0726 0 
5.0781 0 
3.0563 0 
3.0863-1 


+5.0970-2 
5.0495 0 
5-0510+1 
5.0511 0 
3.0683-1 


se° Sto. 41° 


“2. "674-436 
2.679 439 


2-687 4356|- 


2-687 440 
2-703 440 


-2.720-438 
2.729 442 
26740 445 


2.754 441)- 


2.761 438 


-2.765-446 
2.766 436 
2.770 438 
2.770 438 
2.776 443 


-22795-446 
2.807 436 
2-822 444 
2.854 443 
2.837 443 


-2.840-446 
2.850 446 
2.856 444 


2.872 443]- 


2.885 444 


-2. 888-444 | - 


2.899 440 
2.915 438 
2.9355 444 
2.940 437 


-2.972-445 


2.975 442/- 


5.003 443 
3.020 439 
5.022 444 


-3.049-445 
5.072 438 
3.079 435 
3.081 438 
5.094 441 


-35.095-443 
3.159 443 
$.161 437 


3.176 439 


-3.197-442 
3.198 4354 
3.208 441 
3.219 442 
3.246 437 
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observation, 


37 


Decl Prec. and ge ahd alata BD 
1875 Sec.Var. Epoch No 


1914.1 


358 YALE UNIVERSITY OBSERVATORY 


Prec. and Decl Prec. and ee ees BD 
Secen 1918 sec.Var. 1875 Sec.Var. Epoch No 


8 
+3.0895-3 23; "290-443 
5.0729 2 3.516 441 
5.0785 2 3.519 441 


so 
° 


KO 


3.0816 3 
5.0887 3 


+35.0894-3 
5.0738 3 
5.07335 3 
5.0517 2 


5.524 442 
5.525 443 


-3..550-443 


3-366 440 
3.568 440 
3.3575 437 


So4h4 55358, 
woods SSHSS_ 


3.578 440 


5.0742 3 


+3.0269-1 ~35, 388-4354 
5.0644 2 3.405 439 
5.0423 1 3.412 436 
3.0587 2 5.4356 438 
3.0976 4 3.4357 444 


» Sotts 


U 
or 


+3.0464-2 -5.449-4356 
5.0365 1 5.459 435 
5.0924 4 5.461 443 
3.0775 3 5.472 440 
3.0706 3 3.489 440 


oo 


4 
oO 


+3. 0773-4 -3.492-440 


5.0266 1 
3.0557 3 
3.0914 5 
3.0293 2 


+3.0912-5 
3.0454 3 
5.0491 3 
3.0831 4 
3.0444 3 


5.503 433 
3.508 437 
5.565 442 |- 
3.570 433 


-3. 575-442 |- 


3.575 436 


‘3.578 436 


5.601 441 
5.604 435 


SS 


SHO 


+3.0809-4 -5.606-440 
5.0559 3 5»606 437 
50931 5 3.613 442 
5.0827 5 5.619 441 
5.0499 3 3.622 .436 


e © 
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+3.0825-5 -3.656-441 
5.0297 2 5.640 433 
5.0451 3 3.653 435 
5.0513 3 3.655 436 
5.0536 3 5.659 433 


+3.0972-5 -35. 659-443 
3.0372 3 5.668 434 
5.0722 4 5.688 439 
5.0984 6 5.707 443 
5.0651 4 3.722 438 


+5.0925-6 -3.757-442 
5.0233 3 5.739 432 
5.0628 4 5.744 437 
3.0706 5 5.748 438 
5.0924 6 5.757 441 
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1829=Bu 3615:8.2,8.7,0.6. 1838=PGC 1746. 1847=PGC 1752. Epoch, 1914.13 
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ZONE CATALOGUE, 


Prec. 
S20: aes 


+3. ©0447-4 
5.0269 3 
5.0929 6 
5.0786 6 


+3.0358-4 
3.0977 7 
5.0620 5 
3.0639 5 
5.0633 5 


+3.0696-6 
5.03507 4 
3.0748 6 
35.0824 6 
3.0852 7 


+3.0841-7 
5.0940 7 
5.0866 7 
5.0578 4 
3.0862 7 


+3.0258-4 
5.0235 4 
3.0269 4 
5.0988 8 
3.0380 5 


+3.0686-6 
3.0689 6 
3.0863 7 
5.0987 8 
5.0601 6 


+3.0453-5 
3.0437 5 
3.0307 5 
3.0365 5 
-320803 7 


+3.0326-5 
3.0532 6 
5.0638 7 
5.0923 8 
3.0690 7 


+3.0686-7 
3.0590 7 
3.0887 8 
5.0654 7 
5.0912 8 


+3.0712-7 


3.0342 5| 


3.0614 7 
3.0799 8 
5.0379 6 


-2° to +1° 


Decl Prec. and Photo-Wicolajew BD 
1875 Sec.Var. Epoch No 
+) 


-3077 5-434 
3.794 432 
5.796 441 
5.800 431 
5.810 439 


-35.816-433 
5.850 442 
5.851 437 
5.837 437 
5.865 437 


- 3. 889-437 
5.916 432 
3.919 438 
3.925 439 
5.929 439 


-3. 954-439 
30936 441 
3.941 440 
5.941 433 
3.942 440 


-35.961-431 
5.967 431 
3.968 431 
3.969 441 
5.969 433 


36 972-437 
3.979 437 
3.988 439 
5.991 441 
5.994 436 


~4.000-433 
4.004 433 
4.035 431 
4.0357 432 
4.055 438 


~4.061-4351 
4.109 434 
4.112 436 
4.116 440 
4.118 436 


-4.128-436 
4.153 4354 
4.1353 439 
4.155 436 
4.137 439 


-4.154-436 
4.155 431 
4.159 435 
4.166 437 
4.174 432 


Epoch of observation, 1914.13 
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40 YALE UNIVERSITY OBSERVATORY 


AG Magn RA Prec. Decl Prec, and rg ae See BD 
No Spectm — ee as = Sec.Var. Epoch No 


+3. © 0501- 6 Be 174-433 
3.0382 4.178 432 
3.0655 4.189 435 
3.0357 4.202 431 
3.0465 4.210 433 


1+ 
OOOO] 
e e e e e 


° 


+5.0514- -4,211-433 
5.0941 4.211 439 
320561 4.212 431 
3.0444 4.218 4352 
5.0810 4.240 437 
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+3.08358- 
3.0846 
5.0397 
5.0534 7 
3.0938 10 


+3.0529- 7 
3.0560 8 
3.0259 6 
3.0783 9 
3.0975 10 


+3.0662- 8 
5.C852 9 
3.0942 10 
3.0550 8 
3.0888 10 


+3.0299- 7 
3.0705 9 
3.0944 10 
5.0465 8 
3.0751 9 


+5.0447- 8 
5.0826 10 
3.0769 9 
3.0844 10 


oO 


-4.256-438 
4.276 438 


4.3504 431] - 


4.322 433 
4.335 439 


-4. 542-433 
4.343 433 
4.348 429 
4.353 436 
4.357 439 


-4. 361-435 
4.367 437 
4.370 438 
4.374 433 
4.398 437 


-4.401-429 
4.411 435 
4.421 438 
4.430 431 
4.430 435 


~4.436-431 
4.461 436 
4.467 

4.480 436 
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4.508 4353) - 


+3.0681- 9 
3.0756 10 
3.0782 10 
3.0592 8 
5.0533 9 


~4, 512-434 
4.512 435 
4.525 435 
4.530 430 
4.535 432 
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~4. 5535-429 
4.562 435 
4.589 430 
4.603 438 

3.0526 9 4.621 431 
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1901=PGC 1782. Epoch of observation, 1914.15 


ZONE CATALOGUE, -2° to +1° 41 


Prec. Decl Prec. and se SS Seated BD 
epee a 1978 Sec. Sie 1875 Sec.Var. Epoch No 


+3. “0305- 8 ake "645- 428 
3.0663 10] - 4.647 4335 
5.0774 11 4.649 435 
5.0295 8 4.657 428 
5.0284 8 4.658 428 


Hoo 


e e e e 

OnwHoo 
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o e e 


+3.0780-11 -4.666-435 
4.683 429 
4.688 433 
4.692 435 
4.729 432 


eee 8 
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+5.0912-12 
3.0667 11 
3.0887 12 
3.0764 11 
3.0528 10 


-4.7357-436 
4.745 433 
4.747 436 
4.754 434 
4.756 431 
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-4.764-427 
4.776 427 
4.787 432 
4.799 433 
4.799 432 


+3.02735- 8 
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-4.812-429 
4.8135 430 
4.842 435 
4.849 432 
4.855 435 


+3.0458-10 
3.0506 10 
5.0862 12 
3.0689 11] 
3.0876 12 
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-4.857-427 
4.865 428 
4.900 426 
4.907 426 
4.918 432 
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-4. 934-4354 
4.937 426 
4.960 433 
4.963 431 
3.0794 13 4.968 433 


e e e e 
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+3.0515-11 
5.0922 13 
3.0255 10 


-4.973-429 
4.974 435 
4.984 425 
4.998 432 
4.998 425 


-5.008-430 
5.015 426 
5.018 429 
5.027 435 
5.052 430 
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-~5.058-427 
5.059 426 
5.077 426 
5.083 433 
5.089 429 


+3.0387-11 
3.0353 10 
5.0561 11 
5.0839 14 
5.0569 12 
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Epoch of observation, 1914.13 
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AG Magn RA Prec. Decl Prec. oe 
No Bac tti ass Sec. Tinos — Sec. Tare Epoch No 


+3. "0967- 15 -5. ~098- 435 


@ 
© 


e e e e es e e e es 


Cee e6©°¢ e 


5.0412 11 
3.0587 12 
3.0267 10 
3.0827 14 


+3.04935-12 
5.0424 11 
3.0762 13 
3.0507 12 
5.0536 12 


+3.0471-12 
5.08354 14 
5.0342 11 
5.0653 13 
5.0723 13 


+3.0782-14 
3.0855 15 
3.0416 12 
3.0709 14 
3.0420 12 


|+3.0355-12 
3.07355 14 
3.0769 15 
3.0555 13 
3.0512 13 


+3,0672-14 
3.0860 15 
5.0880 16 
5.0477 13 
3.0741 15 


+35.0870-16 
3.0491 13 
5.0645 14 
5.0864 16 
5.0769 15 


+3.0567-12 
5.0775 15 
53.0505 14 
5.0461 15 
5.0955 17 


+35.0603-15 


-5,150-428 
5.140 427 
5.142 431 
5.147 428 
5.150 428 


-5.164-427 
5.178 432 
5.179 425 
5.179 429 
5.186 431 


-5.219-431 
5.221 4352 
5.241 426 
5.247 430 
5.279 426 


~5.285-425 
5.326 430 
5.327 430 
5.3533 427 
5.335 427 


-5.549-429 
5.3550 432 
5.561 432 
5.562 426 
5.372 430 


~5.373-452 
5.376 426 
5.387 428 
5.593 4351 


5.398 430|- 


-5.398-424 
5.411 430 
5.459 426 
5.464 425 
5.490 432 


~5.496-427 | + 
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5.0544 135 
5.0615 15 
5.0231 12]. 
3.0827 16 


5.514 423 
5.515 427 
5.525 421 
5.525 430 
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-5.536-421 
5.537 428|- 
5.556 423 
5.556 428 
5.612 427 


+3.0241-12 | 
5.0752 16 
5.03554 15 
3.0741 16 
3.0701 16 
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2050=PGC 1848. Epoch of observation, 1914.13 


AG 
No sae 1878 


ao. P12 


e e e eo °¢ eee e e 
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15.49 
26.32 
26.93 
52.13 

4.07 


e6° e e e 
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eee 
25.62 
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38.94 
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2066=Bu 3894:9.7,9.7,2" 


ZONE CATALOGUE, 


to +1° 


43 


Prec, Decl Prec, and eee eet aed BD 
Jie 1875 Sec.Var. Epoch No 


+3. -0401- 14] - 


5.0316 13 


+3.0465-14 
Too bright 
5.0485 15 
5.0447 14 
5.0423 14 


+3,0874-17 
5.0371 14 
5.0899 18 
3.0644 16 
5.0622 16 


+3.0617-16 
3.0927 18 
3.0821 17 
3.0711 17 
3.0519 16 


+5.0305-14 
3.0710 17 
3.0739 17 
5.0502 16 
5.0936 19 


+3.0840-18 
5.0374 15 
3.0431 15 
3.0820 18 
3.0464 16 


+3,.0304-15 
3.0759 18 
3.0909 19 


3.0735 18 


3.0817 18 


+3.0947-20 
3.0509 16 
3.0554 15 
5.0876 19 
Double 


+3.0548-17 
3.0536 15 
5.0632 17 
3.0664 18 
3.0989 20 


+3.0408-16 


5.0892 20 
3.0418 16 
3.0916 20 
3.0374 16 


-5. 612-423 
5.612 427 
5.613 421 
5.624 425 
5.631 422 


~5.652-424 


5.675 424 
5.675 423 
5.686 423 


-5, 689-429 
5.695 422 
5.706 430 
5.714 426 
5.714 426 


-5.716-425 
5.734 430 
5.759 428 
5.772 426 
5.782 424 


-5. 801-420 
5.816 426 
5.817 426 
5.824 423 
5.869 429 


-5.875-427 
5.876 421 
5.877 422 
5,899 427 
5.904 422 


-5.918-420 
5.936 426 
5.939 428 
5.941 426 
5.941 427 


~5.951-428 
5.957 422 
5.957 420 
5.960 427 


-5.974-423 
5.980 420 
5.980 424 
6.037 424 
6.059 428 


-6.067-420 
6.080 427 
6.088 420 
6.107 427 
6.112 419 


° 2080, Spectrum composite, GO 
2093=Bu 3938:9.8,9.8,3". 
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2084=PGC 


1873. 


Epoch of observation, 1914.13 


44 YALE UNIVERSITY OBSERVATORY 


AG RA Prec. and Decl Prec. and isl 
No ke 1875 Sec.Var. 1875 Sec.Var. _ Epoch No 

: ~ "55. 8 ae: '117-419| 

6.131 425 

6.136 424 


6.138 425 
6.150 420 


ooo 


-6.155-419 
6.159 418 
6.161 422 
6.179 424 
6.212 425 
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~6.216-424 
6.240 424 
6.243 420 
6.246 416 
6.253 417 


+3.0326-17 ~6.266-417 
3.0406 17 6.267 419 
5.0284 16 6.271 417 
35-0699 19 6.274 4235 
35-0794 20 6.283 424 


+3.0572-19 ~6.296-421 
5.0481 18 6.521 419 
3.0459 18 6.322 419 
3.0766 20 6.528 423 
3.0760 20 6.335 423 
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-6. 545-423 
6.565 423 
6.367 423 
6.371 424 
6.378 418 
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+3.0769-20 
5.0800 21 
3.0807 21 
5.0863 21 
5.03591 18 


e e ° e e 

A 

® do © 
. 


+3.0507-19 
3.0420 18 
5.0848 21 
3.0586 19 
5.0778 21 


oF Ses 


mSSh4h SAH5S 


+3.0558-19 
3.0244 17 
3.0357 18 
3.0694 20 
3.0692 21 


+3.0813-22 
320361 18 
3.0929 23 
300717 21 
5.0671 21 


eo @ @ @ 
a4 + 
e eo @ @ e 
AORN DOPRPRM RPNORPND VYOOUMNM MRAYMOHT NHPUrHNDMD MTNOOR WOODH HMAOO moro 


PP OO 


AS 
e*e @ 


esbdi 


3.0896 23 
3.03510 18 
5.0778 22 
3.0319 18 


eo ¢ @ 
Hw mnvdeH 
© @.e 


;eVeOrFrF NHNWAYTO FHWNDWO NYOHYO OEHean~at OM 


9 
8 
8 
8 
8 
2 
8 
9 
8 
8 
9 
7 
9 
S 
9 
9 
8 
9 
8 
8 
8 
8 
8 
9 
9. 
8 
9 
9 
7 
9 
8 
8 
9 
8 
9 
8 
9 
8 
9 
9 
7 
8 
q 
7 
9 
8 
8 
9 
8 
9 


OMOWVOR ANMOG VWOHPWDW wo 


oO 


2121=Bu 3976:8.9,10.7,1". 2129=Bu 3990:8.1,8.5,007. 2135=Bu 13131:9.8,9.8,0"9. 
Epoch of observation, 1914.1 


ZONE CATALOGUE, -2° to +1° 45 


RA Prec. Decl Prec. and ps el ke obs BD 
No Sno bn aie SeesVars 1875 Sec.Var. Epoch No 

~6.644-415 

6.645 414 

6.648 416 


6.679 416 
6.681 418 


-6.687-420 
6.695 422 
6.719 419 
6.722 421 
6.729 416 


SHeSS 


-6.739-415 
6.776 421 
6.786 420 
6.808 414 
6.810 417 


+ 
La) 


e oo e 
+1 
OrOO 


-6.826-420 
6.8350 412 
6.833 418 
6.872 412 
6.875 417 


© @ e@ 
§ 8 

On- 
eee 


e@ee8¢ @ 
e 


~6.876=419 
6.882 412 
6.889 417 
6.900 414 
6.908 419 


-6.910-414 
6.911 412 
6.911 414 
6.932 418 
6.955 417 


| +5.0831-24 
3.0299 19 
3.0645 22 
5.0436 21 
3.0828 24 


q 
of &8 
e e 
an FPORND WNOKMPRO PNM PAMOD GTRWABDWYW OMAR NO 


oo 8 © @ 
oe MH ont) Moan 
Omowon OanM-O 
eee @ e ° 


+3.0424-20 


e 
Qrwohm AYORKFP VOOR HPORPRQWM OVOP DORM 


ee 
Ne 
eee 
ee e@ 


3.0685 23 


° 


-6.956-419 
6.9735 413 
6.976 414 
6.996 413 
7.005 413 


+3.0860-24 


$e $4484 Soho 


e e e e 
t+ 
EF OF 


Dm NHPOLE 
wn IRHRONO @MROF 


-7.005-419 


oo o8 


Hap 
wo Mw 


-7.055-419 
7.058 410 
7.067 412 
7.078 414 
7.080 413 


+3.0380-21 -7.081-411 
3.0376 21 7.099 411 
5.0562 21 
5.0904 26 
5.0561 235 


9.0 
8.6 
9.1 
8.9 
9.0 
9.0 
Jee 
9.0 
9.0 
9.2 
8.4 
9.0 
8.9 
8.8 
7.6 
9.1 
9.2 
8.0 
9.0 
8.8 
9.0 
9.0 
8.5 
8.9 
8.9 
9.0 
8.9 
9.0 
9.0 
8.8 
8.6 
9.0 
8.6 
9.0 
8.5 
9.0 
9.0 
9.0 
9.0 
9.0 
8.9 
9.0 
8.9 
9.0 
9.0 
6.5 
8.6 
8.9 


Epoch of observation, 1914.07 


46 


AG RA 
No Neneoen ae 


PMHPOW WOOOWM OMAEDO MBAOOM MOOYHY HNOMD MOWKHO @BDWOWNW 


e 


e@oeoeee°@ 


89 
9 
8 
8 
2 
8 
8 
8 
8 
8 
af 
2 
8 
9 
9 
8 
8 
9 
8 
8 
9 
9 
8 
7. 


e eo @ e6°¢ 


e e e e e e e e e e 


e 
ORO Riek Cok w) oOmnnn 


1 WODDDOD ODWDOH DWDHWDOD BNWUWHWHN WOWMDWDAO 
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2217=Bu 4111:9.5, 


YALE UNIVERSITY OBSERVATORY 


Prec. an 
Ser om 


+3.0920-27 
3.0849 27 
5.0965 28 
3.0816 27 
5.0431 25 


+3.0913-28 
5.0839 27 
3.0526 24 
3.0786 27 
3.0489 24 


+3.0966-28 
3.0562 25 
3.0496 24 
3.0277 22 
5.0819 27 


+3,0815-27 
3.0275 22 
5.0749 27 
3.0899 28 
3.0503 24 


+5.0897-28 
5.0769 27 
SYSlOH Payee 4) 
30667 26 
5.0904 29 


Decl Prec. and eee BO 
1875 Sec.Var. Epoch No 


udd 


b5hhh 


-7. 0145-415 
7.150 412 
7.171 418 
7.198 414 
7.220 412 


-7.226-418 
7.231 416 
7.253 416 
7.242 409 
7.248 416 


-7.255-415 
7.263 412 
7.265 408 
7.305 416 


| 7,310 413 


-7.310-416 


~-7.556-416 
7.372 408 
7.378 415 
7.389 409 
7.391 408 


~7 592-416 
7.404 415 
7.411 416 
7.416 414 
7.428 409 


-7 435-416 


7.437 415|- 


7.438 410 
7.464 414 
7.491 409 


-7.491-416 
7.505 410 
7.511 409 
7.530 406 
7.530 413 


-7.548-413 
7.570 406 
7.581 412 
7.582 414 
7.585 409 


-7.592-414 
7.653 411 
7.658 411 
7.658 410 
7.668 413 


Epoch of observation, 1914.08 


65505 Sh858 


ondhSs 


resotH Hoots 


# 


25.9 
30.9 
22.1 
30 
29. 9-4 


29.4 
25,09 
25.9 
25.9 
26.9 


26.4 
26.5 
24.9 
30.5 
22-9 


29.0 
28.9 
28.9 
28.4 
29.4 


28,26 
25.9 
28.4 
27.4 
25.9 


26,20 
27.9 
27.9 
24.9 
21,20 


27.9 
25.9 
25.4 
30.5 
26.9 


25,27 
30.5 

29,30 
25,26 
28,29 


28,27 
Boe 
28.9 
28,27 
28.9 


27.9 
24,26 
Zoe e 
24.9 
2569 


AG Magn RA 
No seectin oi 


“BB. -68 


oOoOnodod FOMOUM OCDONAM WWDOHHF DWMDOO0DONWN DOONDYD WOMONWHN WOOOMN WDIODOOMWM DOWOO 


a 
8 
) 
8 
9 
8 
9 
9 
8 
8 
9 
) 
9 
7 
8 
2 
9 
7 
8 
8 
9 
9 
9 
9 
8 
2 
9 
2 
8 
9 
9 
8 
8 
8 
8 
9 
9 
9 
3 
8 
3 
6 
9 
9 
2g 
Ss 
8 
9 
8 


2251=Bu 4157,9", 


ZONE CATALOGUE, 


Prec. 
Sec. ae 


+3. “0791- 28 
5.0819 28 
5.0762 27 
3.0761 27 
5.0572 24 


+5.0424-24 


5.0622 27 
5.0536 26 
5.0506 26 
3.0459 26 


+3.0382-25 
3.0480 26 
3.0454 26 
3.0607 27 
3.0393 25 


+3.0531-27 
3.0538 27 
3.0918 31 


-2° to +1° 


47 


Decl Prec. and Dears vat en BD 
1875 Sec.Var. Epoch No 


Qa 
NE POI ips eal mage 


3.06354 28) 


5.0485 26 


+35.0455-26 
5.0297 25 
3.0503 27 
3.0610 28 
3.0371 26 


+3.0326-25 
3.0760 30 
5.0825 31 
5.0777 30 
3.0845 31 


+3.0464-27 
5.0955 32 
3.0499 27 
5.0514 26 
3.0537 28 


2265=Bu 4181:7.4,9.4,1+5. 


separated on plates. 
2266=Bu 4184;9.1,9.1,0+4. 


-7, "669~ 412 
7.669 412 
7.672 411 
7.685 411 
7.688 406 


-7.715-406 
7.744 407 
7.758 406 
7.768 408 
7.769 405 


-7.773-407 


7.782 409 
7.798 405 
7.813 412 
7.842 411 


-7.866-405 
7.874 405 
7.876 411 
7.880 409 
7.894 407 


~-7.904-410 


7.904 407) - 


7.927 406 
7.956 405 
7.954 404 


-7.970-403 
7.976 404 
7.978 404 
7.990 406 
8.012 4035 


-8.015-405 
8.0235 405 
8.039 410 
8.040 406 


8.053 404) - 


-8.074-403 
8.086 401 
8.107 403 
8.161 404 
8.166 401 


-8.182-400 
8.188 406 
8.211 407 
8.224 406 
8.224 407 


-8.240-401 
8.246 408 
8.257 402 
8.265 399 
8.269 402 


SdS8S5 


oS%55 o$509 ooSpé 


’ 1 
Neco 

e ° e e e e 
OHO WONMHF THOLO PHONWNH HPPWOP OF WHO ROAR H COODWOOW ORWHIO OuaH a 


++i + 
HPeHOr 
e e e e 


bk b5352 


spencer 


2259=Bu 4172:9.4,10.4,1". 
Epoch, 1914.1 


48 YALE UNIVERSITY OBSERVATORY 


nh 
AG Magn RA 
No Spectm — 


9.0 28: "278-402 seal 
8.8 8.3507 403] +.08 
9.0 8.3522 405/-.08 
8.8 8.352 402|}+.03 
9.0 8.354 403 -.05 
8.2 -8. 361-401! +.04 
9.2 8.370 398] +.02 
9.0 8.381 403 -.Ol1 
8.0 8.390 403) -.01 
8.0 8.595 403] -.04 
9.0 -8.401-400] -.07 
9.0 8.429 401] +.05 
9.0 

8.8 8.525 403] +.02 
Waab -8. 526-403] -.05 
eal 8.529 403] +.09 
Mats: 8.532 405] .00 
9.2 8.533 399|-.02 
9.0 8.5635 403|/-.09 
8.6 -8.5635-405| .00 
Soe 6.575 396) +.035 
8.9 8.598 403) -.05 
are 8.657 401]-.09 
8.6 8.653 399] .00 
8.8 -8.659-401/+.02 
9.0 8.660 402)-.02 
ied 8.676 403} .00 
8.9 8.676 403] +.04 
9.0 8.678 396|+.05 
8.6 +3.04355-29 -8.706-396] +.05 
9.0 5.0405 28 8725) 596) +. 20 
Sid 5.0354 28 Biel DOmOOD)|=.0U 
9.0 3.0480 29 8.762 396|+.01 
9.0 Ay(@row lal 724/ 8.764 394|-.07 
8.0 +3.0455-29 -~8.774-395)+.05 
Src 5.0482 29 8.782 3596)+.02 
8.5 5.0451 29 8.810 395} .00 
6.8 4.0805 33 8.829 400/+.01 
8.8 5.0502 30 8.830 396/+.02 
8.6 +3.0265-27 -8.857-392| .00 
8.3 8.840 401/-.03 
9.0 8.859 398] .00 
9.0 8.861 599}-.01 
Din il 8.862 398|)+.06 
8.6 +3.0557-28 ~8.872-593)-.11 
Siar Defect 

9.0 5.0815 34 8.956 S98i1+.12 
Bias 5.0314 28 8.976 391}+.05 
9.4 520419 30 8.976 593}+.08 


2335=3u 4279: 9.8,9.8,1!4. 


Prec. Decl Prec. and petro gee oat! BD 
Sec. we 1875 Sec.Var. Epoch No 


28,29] - 1°1819 
29.9 
50.0 
28.3 


28.9 


t 
e e e es e 


ee 
mMOOOn, 


b5d0r 


bobdS Shots Sb884 


Stes 
e e e 


1++4++ 
& 


H NORE WFH O 
e 


PHO DO MPOHKRr OUMNMNVNO FPOWOW ANNONA HHNAMRD ARXNOHY CO HAM AHWOO ORAoE 


ae 


Epoch of observation, 1914.11 


AG Magn RA 
No shee th 1875 


(Lo RoR com oolee) co OODOM 
© ¢@ © oe @ 


Www wodm Mow OOM ODmD@Ddwow 
oe ee © ° 


e e e e e e 


1 OF OSPO FOWOON OFPRO MOODO ANOYO WOrPND OMOMOD DAHDODOO WOHWDHD DAMOUMW 


8 
9 
8 
9 
9 
8 
9 
8 
2 
9 
8 
9 
8 
8 
8 
8 
8 
9 
9 
8 
8 
2 
8 
8 
9 
3 


ee 


stars 


ZONE CATALOGUE, 


Prec. 
sec. ae 


+3. “0960- 36 


+3.0391-30 
3.0769 34 
5.0497 31 
5.0661 33 
5.0688 33 


+3.0961-37 


+3.0525-29 
5.0794 35 
5.0821 35 
5.0730 34 
5.0536 29 


+3.07 32-354 
5.0965 37 
5.0719 34 
3.0402 30 
5.0902 36 


+35.09635-37 
5.0579 33 
5.0818 35 
5.0847 36 
5.0624 33 


oye 


to +1° 


49 


Decl Prec. and Pho to-Nicolajon BD 
1875 Sec.Var. Epoch No 


+5.0267-29} 


5.0660 34 
5.0458 31 
3.0520 32 
3.0853 36 


+35.0625-354 
3.0452 32 
52-0638 34 
3.0320 30 
5.0793 36 


+3.0460-32 
3.0701 35 


3.0917 38] 


3.0782 36 
5.0891 37 


2551 to 2362, 


1914.11; 


8% '979- 400 
8.996 3594 
8.999 392 
9.000 3594 
9.017 397 


-9.056-396 
9.038 391 


9.061 3598] - 


9.071 396 
9.082 390 


-9.084-3591 
9.085 396 
9.124 392 
9.150 394 
9.155 594 


-9.156-3598 
9.145 594 
9.144 391 
9.150 398 
9.156 391 


-9.165-389 
9.178 395 


9.181 3596|- 


9.187 394 
9.201 389 


-9.222-394 
9.222 397 
9.258 394 
9.244 3589 
9.258 3596 


-9.262-397 
9.267 391 


9.268 395|- 


9.292 395 


9.500 592/+. 


-9.320-387 
9.342 392 
9.544 389 
9.348 390 
9.3635 3594 


-9. 585-391 


9.590 388 |- 


9.404 391 
9.428 386 
9.445 392 


-9.456-388 |- 


9.463 391 
9.464 394 
9.494 391 
9.524 392 


stars 2365 to 2400, 1914.17 


4 
oO + 


Sodas. 
QrOOH rr 


+1 
FPOrO 


c+ 
OrFrO 
e e e e e 


NPPRPN ONWOFRND PFPHOOMNHT HMPNOKPGT WoOOrNNA 


b3o8d 38 
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+ + 
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& odd 
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e e e © g 
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5556+ 20 |+3°0437-32 |- 9. 539-386 
3.0423 32 ” 9.542 386 
3.0836 37 9.554 391 
3.0779 36 9.570 390 
3.0316 30 9.578 384 


<O 
PS) 
t 
HSb 
eeev248604ue8g 


a 
or 


~WMNODO ONWOCAOAM ARAhNOMN HMNODOO ORMOO HNUHANM CNDWONM OOANHM DOWDDO NOOO 


+3.0782-36 9.588-390 
3.0647 35 9.598 388 
3.0918 38 9.603 392 
3.0360 31 9.612 384 
3.0733 36 9.627 389 


SofSS 


OM MANADWO KONHWON BMANN NIONMM 


e es @ e @¢ 


+3.0508-35 9.635-386 
3.0759 36 9.645 389 
3.0305 31 9.661 383 
3.0786 37 9.670 389 
5.0563 34 9.702 386 


bto5on 


+3.0327-31 9.703-383 
9.708 386 
9.749 390 
9.750 382 
9.754 383 


oe eee 
QI 
e e 


9.785-382 
9.808 384 
9.818 382 
9.855 382 
9.838 386 


+3.0363-32 
3.0558 34 
5.0377 32 
5.0387 32 
3.0746 37 


oe e © 
oa oO 
ee eire 


oO 


+5.0578-35 
353-0799 38 
Double 

5.0470 33 9.885 382 
SOMO, 9.903 386 


9,845-384 
9.854 387 


OD LPORNEH oon 
e 
on~t OOOKrO oONnNnrNa@ 


we 


+5.0590-35 9.914-383 
3.0081 32 9.915 381]|- 
5.08135 38 9.920 386 
5.0935 40 9.961 3587 
3.0601 35 9.965 383 


+3.0968-40 9.976-388 
5.0678 37 9.985 384 
5.0456 34 9.989 381 
5.0438 33 9.992 381 
5.0658 36 10.002 3583 


1 
eke) 


- e e e 
ond 


+5.0856-39 -10.021-385 
3.0511 32 10.057 378 
5.0527 32 10.038 379 
5.0883 40 10.050 385 
5.0811 39 10.054 384 


e e e e e 
& ttsos 
es e e e e 


+3.0795-38 -10.054-384 
5.0838 39 “ 10.060 385 
5.0462 34 10.067 380 
5.0822 39 10.071 384 
53.0655 36 10.095 382 


eo @ @ 
+ 


8. 
9 
8 
2 
9 
9 
8 
9 
2 
5 
9 
2 
8 
9 
8 
a 
8 
8 
9 
9 
8 
9 
9 
9. 
9 
9 
8 
8 
2 
g 
9 
9 
8 
2 
8 
6 
2 
9 
8 
8 
7 
9 
9 
9 
9 
2 
8 
8 
Y 


(SNSHOKSNONE 1SVS)OVa, 


2411=PGC 2126. 2439=Bu 4435:9.4,9.5,7', separated on plates. Epoch, 1914.2 


ZONE CATALOGUE, -2° to +1° 51 


AG Prec. Decl Prec. and Photo-Nicolajew BD 
No et 1078 Sec. Po 1875 Sec.Var. Epoch No 


+3. -0836-39 210. "103-384 
3.0917 40| +0 10.116 385 
3.0523 35 10.147 380 
5.0626 36 10.154 381 
5.0652 37 10.164 381 


@ 
oo 


338s |. 
NN OND 


15 -0822-359 -10.168-383 
3.0890 40 10.171 384 
3.0954 41) +1 10.173 385 
3.0588 36 10.184 380 
3.0822 39) 10.185 383 


(] i] 
e ee 


+3.0285-32 -10.190-376 
3.0454 34 10.195 378 
3.0947 41 10.203 384 
3.0514 35 10.205 379 
5.0888 40 10.207 3583 


ee © 6 
i 
oOroo 
eee 


5 


CWORYO ONHKAW MONDO YYO MY BRNOH AMMAO OUNHARMNY HRERMO HhHRAA 


+3.0435-34 -10.230-377 
320633 37 10.233 380 
5.0852 40 10.253 383 
3.0468 35 10.2354 378 
532.0352 33 10.237 376 


Ap 


+3.0772-39 -10.246-381 
5.0705 38 10.247 380 
3.0458 35 10.254 377 
3.0459 35 10.260 377 
3.07335 38 10.268 381 


~10.275-376 
10.278 382 
10.292 376 
10.502 381 
10.309 378 


+3.0559-33 
3.0863 40 
3.0357 335 
3.0824 40 
5.0603 37 


oo @ @ 

tn &) 00 

eeeee 

aests S4654 
eeeee e 


+3.0302-33 -10.319-374 
Too faint 
3.0862 40 
OO ODONOO 


3.0802 40 


10.327 381 
10.335 377 
10.340 380 


«eee e 
oe 
ORPHNOM OAWN GT OHWoPL LH 
S44 4 
© © 


HQoonn wnofhN O OONARO MH 


-10. 347-374 
10.375 379 
10.379 377 
10.3586 374 
10.594 376 


+3.0505-335 
5.0754 39 
5.05635 36 
3.0350 34 
3.0483 35 


° 
i] 
e 


411 
HHMwOO 


eee 
O71 ¢n 0 0 
e 
e 


+35.0958-42 -10.597-382 
3.0551 36 10.411 376 
5.0912 41 10.427 381 
5.0918 42 10.432 381 
5.0644 38 10.442 377 


i] 
mesdo 
oeee 


eee ie 
e 


+3.0876-41 -10.449-380 
| 3.0596 37 < 10.469 376 
3.0863 41 10.489 379 
3.0403 35 10.491 373 
3.0307 33 10.534 372 


OOoOanmn Took PPPS PEAT BNNQUNAH ATAQonn NNNNWD NNNWW NVEHHY ped 


9. Of 
8.2 
9.1 
9.0 
8.4 
8.8 
9.1 
8.6 
8.8 
8.9 
9.0 
8.0 
8.8 
8.0 
8.7 
9.0 
8.9 
9.0 
9.2 
8.6 
8.0 
9.0 
8.8 
9.0 
9.0 
8.6 
9.1 
9.0 
9.1 
9.2 
9.2 
9.1 
9.0 
9.0 
9.2 
8.9 
8.4 
92 
8.1 
9.0 
8.8 
8.8 
8.7 
9.0 
8.5 
8.8 
9.2 
9.0 
8.9 


eee e 


Epoch of observation, 1914.20 


52 


AG Prec. Decl Prec. and res E 
No Sects 1975 abe Aare 1875 Sec.Var. Epoch No 


eee «ee @ @ ere we eee © @ 
QOL M WQoooo OOrFOD OO0O0@® Omwo OC @ OONd9d LFOAMO MDoOodWwo OOrWO rOMOan 


8 
i 
8 
9 
8 
9 
8 
8 
9 
9 
“ 
8 
C) 
9 
8 
) 
8 
8 
9 
8 
9 
9 
9 
9 
9 
8 
9 
8 
8 
8 
8 
C 
9 
9 
9 
7 
2 
9 
2 
9 
9 
a 
9 
8 
8 
8 
8 
‘4 
9 
fi 


Biv eiarces 


~wowwonw woOwWwoDDod WDADMD® oOonnnvans 
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+36 °0648- 58 
3.0565 37 
3.0514 356 
3.0550 37 
3.0921 42 


+3.0715-39 
3.0707 39 
5.0694 39 
5.0950 43 
3.0510 36 


+3.0901-42 
3.0898 42 


5.0413 35 


$.0525 37 
5.03598 35 


+3.0957-43 
3.0647 39 
5.0780 41 
5.0937 43 
3.0551 37 


+5.0940-43 
5.0557 37 
5.0803 41 
5.0478 36 
3.0727 40 


+3.0746-40 
3.0802 41 
3.0834 42 
5.0437 36 
3.0892 435 


+3.0717-40 
3.0699 40 
3.035352 35 
3.0354 35 
3.0865 42 


+3.0446-36 
3.0870 42 
3.0938 44 
5.0518 38 
Too faint 


+3.0605-39 
5.0392 36 
3.0653 40 
5.0645 40 
3.0881 43 


+3.0841-43 
3.0555 38 
5.0622 39 
320490 37 
5.0488 38 


2550=PGC 2211=Bu 4570:7.8,8.5,074. 
2501 to 2537, 


1914.20: 


2102 544- 376 
10.553 374 
10.553 374 
10.583 374 
10.586 378 


-10. 586-376 
10.593 3576 
10.612 375 
10.625 378 
10.633 373 


-10.646-3577 
10.652 377 
10.655 371 
10.661 373 
10.678 371 


-10.685-377 
10.693 374 
10.703 375 
10.720 577 
10.7235 372 


-10.728-577 
10.736 372 


10.740 375)/- 


10.742 371 
10.765 373 


-10.779-374 
10.814 374 
10.840 374 
10.847 369 
10.865 374 


-10.872-372 
10.876 371 
10.879 367 
10.880 367 
10.885 373 


-10. 888-368 
10.889 373 
10.926 374 
10.942 368 


-10. 955-3569 
10.981 366 
11.003 369 
11.011 369 
1120292971 


-11.037-3571 
11.038 367 
11.057 368 
11.066 366 
11.141 365 


Stars 2538 to 2550, 1914.13 
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ZONE CATALOGUE, -2° to +1° 53 


real Pasi Decl Prec. and fees aad BD 
No Fae as 1978 Seo ane 1875 Sec.Var. Epoch No 


2551 | 9.0 5b. ©91 +3.0414- 37 th Lexie 564 +11 +102 28.9 
9.1 5.0480 38 11.179 363] .00 0.0 27.9 
9.0 5.0425 37 11.181 364]-.12 -0.2 28.3 
9.0 F5 3.0686 41 11.203 366]-.03 -0.8 29.9 
9.0 A2 +3.0620-40 -11.215-365}-.01 +0.5 27.4 
9.0 5.0765 42 11.215 367]+.07 +0.4 26.9 
9.0 5.0840 43 11.222 368)+.02 +0.9 27.9 
8.0 AO 5.0696 41 11.227 366)-.05 +0.6 28.9 
9.0 3.0427 37 11.228 3635/-.12 +0.4 26.4 
7.8 +35.0632-40 -11.245-365}-.08 -0.4 28.4 
9.0 52-0870 44 11.261 368/-.02 +1.0 28.3 
9.1 F8 3.0652 40 11.267 365/+.035 -0.2 28.9 
9.1 5.0909 44 11.297 368]/-.01 +2.3 27.9 
Die 5.0393 37 11.302 361}/+.07 +2.8 28.4 
9.0 
7.8 FO +3.0811-43 38.2 |-11.312-3566/-.09 +0.9 29.5 
7.0 G5 5.0511 38]/-1 5 46.9| 11.329 362]/-.01 +2.5 25,23 
8.9 G5 5.0334 36]/-2 1 9.8] 11.361 360|/-.10 -0.6 28.3 
7.8 GO 5.0580 39}-0 44 28.6] 11.372 365/+.14 -4.0 29.4 
9.0 +3.0429-37|-1 31 34.4 /-11.381-361]}-.05 +0.4 25.9 
9.0 532-0556 36}-1 54 21.6] 11.382 360}-.01 +0.4 26.9 
8.2 GO 5.0774 43]/+0 15 57.4] 11.388 365)/-.11 -2.0 27.3 
9.0 5.0675 41]/-0 15 26.1] 11.401 363/-.04 +0.7 25.8 
9.0 AO 5.0596 37}/-1 42 1.8] 11.417 359/-.035 +1.5 25.8 
8.9 FO +3.0395-37]-1 42 30.3)|-11.445-359|-.06 +1.9 26.4 
7.5 KO 3.0722 42/-0 O 16.2] 11.458 363} .00 -0.4 26.8 
9.0 F5 5.0560 39 54.8| 11.477 3560/-.12 +1.1 26.9 
8.8 AO 5.0844 44 11.481 364/-.02 +0.5 29.4 
8.9 5.0818 44 11.491 363/-.06 +1.1 25.9 
9.0 F5 +3.0529-39 -11.514-360| .00 +1.5 25.9 
8.6 GO 5.0667 41 11.519 361]/-.04 +1.9 26.8 
8.0 KO 3.0568 40 11.539 360/-.03 +0.9 25.8 
9.0 5.0434 38 11.542 358|/-.08 +1.1 26.3 
9.0 5.0808 44 11.561 362} .00 +0.5 27.4 
9.0 +3.0535-36 -11.583-356|-.06 -0.3 24.4 
8.5 F8 3.0899 45 11.592 363/-.08 +0.5 25.4 
8.8 F5 5.0784 43 11.596. 361/+.10 +1.4 27.3 
8.7 K5 5.0333 36 11.602 356/-.09 +0.9 24 
8.9 F8 5.0536 39 11.607 358)-.14 +0.3 23.9 
9.0 +3.0950-46 -~11. 615-363 -.02 +0.8 ADEE: 
9.0 GO 3.0695 42 11.625 360|/+.02 -0.5 29.4 
7.6 KO 3.0847 45 11.6353 361|-.04 +0.4 27.8 
9.2 Too faint 
9.1 3.0928 46 11.645 562/-.15 +0.7 24.9 
8.8 +3.0731-43 -11.645-360/-.05 +1.6 27,28 
7.2 FO 3.0323 36 11.658 355/-.03 -1.2 23.9 
8.9 GO 3.0832 44 11.661 361]-.10 -1.8 28.9 
9.3 Too faint 
8.0 3.0744 43 11.698 359 


2566, outside zone. 2597=PGC 2254=Bu 4634:7.9,8.0,002. Epoch, 1914.13 
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2629=PGC 2280. 


YALE UNIVERSITY OBSERVATORY 


Prec. Decl Prec. and PhO ee BD 
Seo.Vare 1875 Sec.Var. Epoch No 


3.0619 “41 
3.0351 37 
3.0853 45 
5.0598 41 


+3.0805-44 
53-0706 43 
3.0468 39 
CRO SY 
Too faint 


+3.0653-42 
3.0676 42 
3.0937 47 
3.0424 38 
3.0912 46 


+3.0326-36 
3.0862 45 
3.0767 44 
3.0819 45 
3.0625 42 


+3.0627-42 
5.0558 41 


3.0937 47] 


5.0692 43 
3.0744 44 


+3.0442-39 
5.0462 39 
5.0662 42 


5.0400 38 


5.0510 40 


+3.0705-43 
3.0946 47 
5.0667 43 
3.0400 38 
3.0930 47 


+3.0854-46 
3.0870 46 
3.0822 45 
5.0508 37 
3.0721 44 


+3.07135-44 
5.0486 40 
5.0514 37 
5.0869 46 
3.0872 46 


+3.0833-46 
5.0424 39 
5.0722 44 
5.0699 44 
5.0560 41 


fia. '716- 359 
11.726 357 
11.742 354 | - 
11.743 360 
11.749 357 


-11.753-359 
11.756 358 
11.757 355 
11.788 353 


-11.819-356 
11.820 356 
11.823 3559 
11.848 353 
11.853 359 


-11.860-351 
11.876 358 
11.876 356 


11.888 357} - 


11.930 354 


~-11. 949-3554 
11.962 353 
11.979 357 
11.998 353 
12.001 354 


-12.010-350 
12.011 350 
12.014 353 
12.048 349 
12.049 350 


~12.052-353 
12.066 355 
12.081 352 


12.093 348]- 


12.095 355 


-12.094-354 
12.120 353 
12.124 353 
12.1350 347 
12.164 351 


~12.171-351 
12.191 348 
12.206 345 
12.220 352 
12.241 351 


-12.245-351 
12.272 346 
12.283 349 


12.286 349]- 


12.290 347 


Epoch of observation, 1914.13 
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ZONE CATALOGUE, -2° to +1° 55 


AG Prec. Decl Prec. and me ace BD 
No Pe 1676 Cree 1875 Sec.Var. Epoch No 
i 


+3. °0595-42 


@ 
o 


Dowd 
eee 


-12.340-350 
12.408 349 
12.445 343 
12.457 343 
12.459 343 


-12.485-343 
12.494 345] - 
12.499 345 
12.503 341 
12.516 341] - 


~12. 520-344 
12.531 340 
12.536 341 
12.562 342 
12.571 341 


SS ay aye 


++ 
METo) 
e ee 


-12. 581-343 
12.592 345] - 
12.594 342 
12.604 342 
12.648 342 


-12. 664-337 
12.696 340 
12.732 337. 
12.744 343] - 
3.0724 45 12.756 340 


-12.769-336| - 
12.775 341 
12.7835 340] - 
12.797 336 
12.802 341 


+3.037 5-38 


° 


t 
ow 


ie. '@ @ 
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-12.814-339 
12.817 341 
12.822 340 
12.824 339 


eo @ 
+++! 
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eee e 
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Double 


-12.834-341 
12.840 338 
12.871 335 
12.878 338 
12.883 3534 


+3.0897~48 


eSHods 


FONOod OMOHW AMDOM HMODDHW MOONMRWYW NOMOHY DBDOMWO DOWOHOM OWDOOGM LOWE 


+3.0919-49 -12.884-340 
3.0433 40 12.896 354 
3.0866 48 12.899 359 
5.0907 49 12.904 340 
3.0741 45 12.915 337 
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2676=Bu 4739:9.0,9.0,0.5. 2693=PGC 2351. 
-Bpochs: stars 2651 to 2674, 1914.13; stars 2675 to 2700, 1914.17 
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@ 
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a '938- 3335 
3, 0466 “40| - 12.952 334 
3.0609 43 12.964 335 
3.0818 47 12.969 337 
5.0808 47 12.970 337 


+35.0903-49 -13.016-337 

5.0557 38 13.032 351] - 
13.041 334 
13.061 331 
15.065 354 


ae 


+5.0578-359 -15.084-530 
5.0485 41 13.107 351 
420507 41 13.126 531 
5.0873 48 13.1353 335 
5.0815 47 ‘ 13.158 533 


0345 


+5.07 98-47 -15.159-5335 
5.0822 47 15.184 553 
5.0688 45 58.5| 15.195 531 
5.0887 49 13.199 333 
5.05235 41 13.227 329 


oh be J 
OFPONH 
e 


+5.0625-43 b¢ -13.250-330 
5.0765 46 ‘ 13.253 331 
5.0856 48 15.294 331)- 
3.0725 46 13.296 330 
3.0894 49 135.520 331 


ion. 
Or 
° 


$3 


t 
2) 
e 


+32.0777-47 -15.525-329 
5.0616 43 . 5 13.342 328 
5.0678 45 15.544 328 
Double 
SO LOmeo 13.882 328 


oS 


4 
ow 
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eo e¢ @ 
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+35.07 62-46 -15. 390-328 
5.0832 48 13.390 329 
5.0698 45 15.592 327 
5.0375 39 13.410 324 
52.0475 41 13.440 324 


§ 
[@) 
° 


+3.0681-45 -13.441-326 
5.0637 44 15.452 326 
3.0485 41 15.460 324 |- 
5.0503 41 13.468 324 
5.0458 40 13.506 323 


AS ASSS 


e e e 
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+5.0864-49 -15. 514-327 
5.0569 43 13.524 323 
3.0427 40 : 13.540 322 
5.0872 49 15.570 326 |- 
3.0397 39 13.572 $21 |- 


e e e e e 
PRE PPP 
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teat J 


+5.0753-46 -15.574-324 
5.0677 45 15.574 3524 
3.0664 45 13.579 323 
5.0896 49 15.600 325 
5.0573 43 13.601 322 
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2702=PGC 2357. Epochs: stars 2701 to 2734, 1914.17; stars 2735 to 2750, 1914.11 
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2775=PGC 2426. 


4037 
5.15 
B.66 

27.88 
9.26 


42.22 
42.93 
45.08 
45.76 
20.58 


50.75 
32.356 
58.33 
50.88 

4.88 


27.68 
56.26 
3. 64 
5.04 
11.12 


14.14 
15.10 
16.57 
19.98 


34.66. 


54.73 
45.56 
54.70 
4.61 
7.00 


10.88 
25.27 
at 

19.61 
27.65 


32.98 
42.36 
57.34 
10.29 
10.21 


56.45 

8.98 
41.94 
58.20 
26.09 


36.16 
39.77 
47.36 
54.17 

6.31 


ZONE CATALOGUE, 


Prec. 
2c ae 


+3. °0769- 47 
5.0613 44 
5.0692 45 
5.0844 48 
5.0594 43 


+3,0699-45 
3.0426 40 
3.0822 48 
3.0770 47 
3.0531 42 


+3.0537-42 
5.0904 50 
5.0573 39 
3.0758 47 
5.0851 48 


+3.0690-45 
53.0373 39 
5.0377 39 
3.0760 47 
5.0805 48 


+5.0656-45 
3.0707 46 
5.0556 42 
3.0717 46 
3.07235 46 


+35.0616-44 
5.0363 38 
5.0780 47 
5.0408 39 
5.0556 42 


+3.0501-41 
3.0873 49 
Double 

3.03935 39 
3.0438 40 


+3.0753-46 
3.0527 42 
3.0651 44 
3.0376 38 
3.0514 41 


+3.09035-50 
3.0815 48 
3.0399 39 
3.0530 42 
3.0679 45 


+3.0688-45 
3.0625 44 
3.0546 42 
3.0604 43 
5.0741 46 


-2° to +1° 


57 


Decl Prec. and acer eta BD 
1875 Sec.Var. Epoch No 


FONOMDM FPOWNKYO 


a3: 617 - 324 
13.618 322 
13.622 325 
13.6435 324 


13.687 320]- 


-13.722-521 
13.725 318 
13.725 322 
13.726 321 
13.763 318 


-13.774-318 
13.775 322 
13.781 316 
13.795 320 
13.810 320 


-13.834-318 
13.864 314 
13.872 314 
13.873 318 
13.879 318 


-13.883-317 
13.884 317 
13.885 316 
13.889 317 
135.904 3517 


-13.904-3516 
13.916 313 


13.925 317. 


135.956 313 


13.938 314]- 
-13. 942-314 | - 


13.957 317 


14.077 310 
14.085 310 


-14.090-313 
14.100 310 
14.116 311 
, 14.191 307 
'14.191 308 


~14.259-311/- 
14.252 310]- 
14.285 305/|+ 


14.302 306 
14.330 307 


~14. 341-307 
14.344 306 


14.352 305)- 


14.359 305 
14.571 306 


Epoch of 


of nssse 33884 |. 
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observation, 


1914.1 
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AG Magn RA Prec. Decl Prec. and Photo-Hicelaen] BD 
No Snée tm ae Se re Sec.Var. ae No 


+35. "0624- 44] - 2143 '372- 305 
3.0841 49 14.379 307 
3.0837 49 14.3585 307 
3.0630 44 14.405 304 
3.0558 42 14.408 304 


BS 


ANNO OOOO HP POH ofl thee oy eh 


5283, 


+35.0760-47 -14.419-306 
3.0796 48] +0 14.422 306 
3.0423 39 \ 14.451 301 
5.0554 42 14.470 3502 
3.0748 47] +0 14.472 304 


U 


e 
e e e e 


+35.0596-38 -14.478-300 
14.490 305 
14.518 300 
14.522 302 
14.536 304 


HShhS 5 


+35.0857-49 -14.572-303 
5.0609 435 14.572 300 
3.0775 47 14.636 300 
3.0469 40 14.645 297 
3.0854 49 ‘ 14.654 301 


e e e e e 
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+5.0552-42 
5.0430 39 
3.0706 45 
5.0748 46 
3.0608 43 


+3.0608-43 
3.0589 43 
3.0515 41 
3.0652 44 
3.0610 43 


+3.0897-50 
5.0380 37 
5.0462 39 
3.0469 40 
3.0674 45 


+3.0870-49 
5.0599 38 
3.0891 50 
3.0590 42 
3.0808 48 


+3.0709-45 


3.0492 40 
3.0858 49 
5.0422 38 
3.0703 45 


+3.0474-39 
3.0497 40 
3.0897 50 
5.0848 49 
5.0852 48 


Epoch of 


-14.697-297 
14.721 295 
14.753 297 
14.736 298 
14.746 296 


-14.748-296 
14.750 296 
14.769 295 
14.771 296 
14.784 295 


-14.795-298 
14.801 293 
14.801 293 
14.806 293 
14.810 295 


-14.838-296 
14.844 292 
14.852 296 
14.887 292 
14.887 295 


-14.8935-293 
14.904 291 
14.945 294 
14.950 289 
14.995 291 


-14.997-289 
15.005 289 
15.010 292 
15.021 292 
15.031 291 


observation, 1914.14 
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ZONE CATALOGUE, -2° to +1° 59 


Bees Prec. Decl Prec. and Photo-Nicolajew BD 
No | Spectml 1875 ceva 1875. Sec. Var. a $ Epoch No 
s W 


8 
+5.0778-47 -15. "050- 290 


© 
ea 


15.230 287 
15.253 285 
15.261 284 


e e 
e 


-15.287-285 
15.291 284 
15.293 283 
15.502 283 
15.304 280 


+3.0861-49 -15. 531-283 
3.0689 44 15.331 282 
5.0894 50 15.337 284 
5.0618 42 15.345 281 
3.0895 50 15.357 283 


e e 
e e e 


+3.0584-41 -15.3563-280 
5.0664 43}. 15.373 281 
3.0539 40 15.389 279 
5.0429 37 15.391 278 
5.0753 46 15.431 280 


Hood S55H5 SStAS SHLHS 


-15.475-276 
15.501 278 
15.512 276 
15.519 274 
15.519 274 


fo) 


OO MmOoOnrr PoOhOH 


+3.0490-38 
5.0776 46 
5.0617 42 
520594 36 
3.0597 36 
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scab chasers Oo DOOM DO © M@ oDwnoOds oOOMDw DOwowo 
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-15. 534-274 
15.629 274 
15.644 272 
15.675 272 
15.704 270 


+3.0477-38 
5.0693 44 
5.0568 40 
3.06350 42 
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2879=PGC 2541. 2884=PGC 2559. Epoch of observation, 1914.14 


60 YALE UNIVERSITY OBSERVATORY 


AG RA Prec. Decl Prec. and pelea aa oc BD 
No legate 1875 Sec. abe 1875 Sec.Var. lipoch No 


+56 °0407- 35 -15. "917 = 263 ° 
5.0530 38} - 15.953 263] - 

15.990 264 

16.008 262 

16.045 260 


-16.070-259 
16.092 261 
16.095 260 
16.094 260 
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e 
° 


1+ 
OORFH 


NOON A DnVnwan 
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16.518 252 
16.4522 254 
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-16.596-251 
16.400 249]- 
16.414 248 
16.418 251 
16.420 248 


+5.0774-44 
5.0545 37 
5.0452 34 
3.0800 45 
5.0435 33 


-16.440-249 
16.450 248 
16.451 248 
16.462 249 
16.477 246 


+5.0718-42 
3.0627 39 
5.0545 56 
5.0717 42 
5.0447 33 
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-16.477-248 
16.482 249 
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16.529 245 
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+3.0665-40 
3.0832 46 
5.0659 359 
520584 37 
5.0692 41 
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+5.0441-32 -16.547-244 
3.0725 42 16.554 246 
5.0664 40 16.558 245 
5.0687 40 ‘ 16.584 245 


520762 45 16.588 245 
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+5.0458-35 ‘ -16.607-242 
5.0769 43 16.616 244 
5.0812 44 16.617 244 
3.0517 34 < 16.617 242 
5.06135 38} 16.627 242 


ODBanrt~@ OW WOW OM MOOWO OO leolloomook tele e) oOooWWO® 


2908=PGC 2595. Epochs; stars 2901 to 2917, 1914.14; stars 2918 to 2950, 1914.21 


ODDw® 
eee © © ° 
O0ON OO Oam~ow 


Xo Ri toe oie oes) onrtnrt oo 
°° 


womoono worArIwo @MBmooO DOOWoON®D -O POO Mw oO on © OW BMRA OrFwort 


e eee es e@© @ @ WING BO? | SoS'@' 


8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
i747 
8 
8 
8 
9 
8 
9 
9 
9 
9 
8 
4 
8 
8 
9 
8 
6 
8 
8 
<) 
g 
8 
8 


ZONE CATALOGUE, 


Decl Prec. and gy ale leet BD 
1875 Sec.Var. Epoch No 


AG Magn RA Prec. 
No Spectm 1875 Sec. tase 
20 


+30 0553-35] - 
De0455) oe 
9.0471 33 
3.0645 39 
Too faint 


+3.0777-43 
5.0838 45 
3.0558 36 
5.0808 44 
5.0775 43 


+3.0697-40 
5.0591 36 
3.0437 31 
5.0613 37 
3.0856 45 


+3.0656-37 
3.0746 41 
5.0465 31 
5.0774 42 
53.0622 37 


+5.0655-38 
5.0791 42 
5.0739 40 
3.0510 32 
5.0561 34 


+35.0629-36 
3.0784 42 
320555 34 
3.0555 34 
3.0840 44 


+3.0855-44 
3.0450 29 
5.0557 33 
3.0601 35 
3.0666 37 


+35.0644-356 
5.0771 41 
5.0704 38 
3.0672 37 
3.0557 32 


+35.0521-351 
3.0622 35 
3.0538 32 
3.0667 36 
3.0464 28 


Double 

+3.0474-28 
3.0636 34 
3.0738 38 
3.0619 335 
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Gib: 628- 242 
16.629 241 
16.659 241 
16.645 242 


~16. 664-242 
16.671 243 
16.672 240 
16.715 241 
16.716 241 


-16.772-238 
16.780 237 
16.788 236 
16.806 236 
16.819 258 


-16.825-236 
16.827 2537 
16.829 234 
16.848 236 
16.854 2355 


-16.876-2354 
16.897 2355] 
16.926 253 
16.933 251 


16.935 251]- 


-16. 948-2351 
16.961 232 
16.978 2350 
16.981 2350 
17.029 250 


-17.0535-250 
17.047 227 
17.052 227 
17.066 227 
17.095. 226 


-17.105-226 
17.110 227 
17.139 225 
17.154 224 
17.160 223 


~17.168-225 
17.182 223 
17.194 222 
17.209 222 
17.247 219 


-17.291-218 
L729 219 
17.3506 219 
17.365 216 


Epoch of observation, 1914.2 
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62 YALE UNIVERSITY OBSERVATORY 


AG Magn Prec. and Decl Prec. and ordeal arte ec BD 

No Sheetn 1078 Sec.Var. 1875 Se Var. Epoch No 
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+3.0581-352| - “17, "377 ~ 215 
3.0514 29 17.3585 214 
3.0593 32 L715 91 215 


3.08235 41 17.405 216 
5.0763 39 17.414 215 
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5.0667 33 17.714 202 
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+35.0489-24 -17.806-197 
3.0637 30 < LVeOlLE, 196 
5.0505 24 17.854 195 
5.0657 31 ‘ 17.864 195 
5.0766 35 17.918 194 
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+3.0551-25 ‘ -17.956-192 
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3.0636 29 27964 TOL 
5.0616 28 172.979, 190 
3.0765 35 17.985 191 
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3.0710 32 7} 18.012 189 
3.0669 30 18.025 188 
3.0844 38 18.027 189 
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3.0695 31 18.066 187 
5.0670 29 18.070 186 
5.0821 36 18.072 187 
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3003"Bu 5319:9.5,9.6,2". S0062PGC 2697. 5047=PGC 2759. 
Epochs; stars 35001 to 3034, 1914.26; stars 3035 to 3050, 1914.17 


ZONE CATALOGUE, -2° to +1° 63 


AG Magn Prec. Decl Prec. and ar eae ha BD 
No siec cn ie Sec. ee 1875 Sec.Var. Epoch No 
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18.194 180 
18.219 179 
18.234 177 
18.249 178 
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-18.252-179 
18.261 178 
18.287 176 
18.289 175 
18.309 174 


+3.0835-36 
5.0752 31 
5.0679 28 
5.0521 20 
53.0574 22 
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-18.317-175 
18.345 172 
18.356 172 
18.360 172 
18.363 171 
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5.0543 20 
3.0553 20 
5.0686 27 
5.0514 18 
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+3.0558-20 -18.575-171 
3.0581 21 ‘ 18.382 170 
5.0535 19 18.3585 170 
5.0674 26 18.598 170 
5.0702 28 18.4035 170 
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+3.0539-19 -18.426-168 
5.0674 26 18.431 168 
5.0556 20 18.4358 167 
5.0797 32 18.446 168 
3.0779 31 18.447 168 
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18.511 164 
18.512 164 
18.528 163 
18.531 163 
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5.0596 20 
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5.0622 22 
3.0626 22 
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18.588 160 
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S060=PGC 2772. 3069=PGC 2788. 5071=PGC 2792. Epoch of observation, 1914.17 


YALE UNIVERSITY OBSSRVATORY 


Decl 
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AG Magn 
No Svectm 191 
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3106=PGC 2846. 


+3.0644-18 
3.0641 18 
3.0737 24 
3.0605 15 
3.0626 16 


+5.0638-17 
3.0610 15 
5.0654 16 
5.0622 '°15 
5.0560 11 


+5.0567-11 
5.0625 15 
5.0568 11 
3.0736 21 
5.0578 11 


+3.0588-12 
5.0700 19 
3.0757 22 
3.0658 16 
3.0783 24 


+3.0606-12 
3.0606 12 
3.0672 16 
53-0616 12 
3.0661 15 


+5.0704-18 
3.0728 19 
5.0704 18 
5.0566 8 
3.0668 15 


stars 3101 to 3107, 
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-18.852-144 
18.854 144 
18.855 144 
18.862 143 
18.871 143 


-18.874-143 
18.880 142 
18.909 141 
18.913 140 
18.931 139 


-18. 948-1358 
18.949 138 
18.965 137 
18.993 136 
18.999 1355 


-19.000-1359 
19.022 134 
19.023 134 
19.027 133 
19.031 133 


-19.047-132 
19.047 132 
19.055 131 
19.055 131 
19.078 130 


-19.079-130 | 
19.084 1530 
19.085 129 


} 19.085 129 


19.097 128 


stars 3108 to 3150, 1914.27 
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ZONE CATALOGUE, -2° to +1° 65 
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AG Prec. Decl Prec. and Ga ee enced BD 
No eed ae sec. eo 1875 Sec.Var. _Epoch) No 
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19.115 127 
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+3.0800-24 
3.0687 16 
5.0745 20 
3.0747 20 
3.0757 20 


-19.120-127 


19.151 125 
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-19.190-121 
19.200 121 
19.215 120 
19.233 119] - 
19.245 118 


+5.0616- 9 
5.0616 9 
5.0634 10 
3.0792 22 
3.0770 20 


foodie om cok tole) ornoon~ 
oe @ © @ 


-19.248-117 
19.252 117 
19.264 116 
19.265-116 
19.281 115 


+3.0698-14 
5.0605 7 
5.0605 7 
5.0576 5 
3.0760 18 
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+5.0666-11 -19.285-114 
5.0597 19.292 114 
19.293 114 
19.298 114 
19.500 113 
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+5.0671-11 -19. 304-113 
3.0765 18) 19.506 113 
3.07635 18 19.316 112 
5.0685 12 19.323 111 
5.0608 5 19.333 110 
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+3.0705-13 -19.554-111] - 
5.0722 14 19.365 108 
5.0757 16 19.373 108 
5.0635 5 19.395 105 
5.0706 11 19.404 105 
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+3.0651- 6 -19.415-104 
5.07135 12 19.416 104 
3.0641 5 19.418 103 
3.0729 13 19.42Q 103 
5.0604 2 19.427 102 
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+5.0685- 9 -~19.434-102 
5.0752 14 19.448 101 
5.0746 14 19.448 101 
5.0658 6 19.451 100 
5.0682 8 19.461 100 
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+5.0768-15 é fe 
5.06835 7 98 |- 
3.0624 2 98 |- 
5.0699 9 97 |- 
Oe 37 20 97 
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4156=PGC 2916. 3168=PGC 2931. 3174=PGC 2936. $177=PGC 2938. $191=PGC 2959. 
Epoch of observation, 1914.3 
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AG Magn Prec. Decl Prec. and nies 2 
No Spectm 1875 Sec. eee ——— Sec.Var. Epoch No 


uw 
9.0 5 40°90] +3°0772-15 -19"494-9714+°04 40°4 29.4 
8.2 5 46.57| 3.0737-12 19.496 97|-.02 -0.5 28 
9.0 5 51.39| 3.0735-12 19.497 97|-.09 40.6 27.4 
8.4 5 52.28| 3.0695- 8 19.497 96|+.02 -4.4 27.4 
8.5 6 0.66] 3.0716-10 19.500 96|-.06 0.0 28 
8.7 6 21.07| +3.0778-15 -19.507-961-.18 41.3 25.6 
8.6 6 27.10] 3.0771-15 19.509 96]-.01 +0.3 28.9 
8.5 6 27.02] 3.0710- 9 19.509 95]-.11 41.1 28.2 
8.3 6 45.17| 3.0684- 6 19.515 95|+.07 -3.8 28.9 
56 7 21.52| 3.0755-13 19.528 94|-.03 -0.2 30.3 
8.8 KO! 7 24.76|+3.0662- 4 -19.529-93| .00 40.6 
8.5 Fol 8 2.71| 3.0631. 0 19.541 92] .00 41.8 
8.0 KO] 8 13.96| 3.0692- 6 19.545 92|+.09 -1.4 
8.8 K5| 8 40.57| 3.0707- 8 19.553 91|-.05 -0.3 
8.8 B9| 9 25.43| 3.0640- 1 19.568 89|-.03 -0.1 
9.3 9 29 Too faint 
8.8 F2| 9 47.01|+3.0668- 3 -19.575-89|-.06 40.5 29.9 
9.0 F5/10 21.35| 3.0703- 6 19.586 88|+.02 -0.1 28.9 
8.8 Fel 10 42.33| 3.0656- 1 19.592 87|-.01 -1.1 28.9 
9.1 |10 53.77| 3.0658- 1 19.596 87|-.96 -0.2 28.9 
9.0 F5/11 26.69/+3.0631+ 2 -~19.606-85|+.05 -0.7 30.9 
9.0 |12 40.48] 3.0762-11 19.628 84|-.11 -0.6 29.0 
7.2 FR13 1 Double 
9.2 |13 0.99| 3.0682+ 4 19.634 8214.04 +1.2 
8.5 F813 8.29] 3.0746- 9 19.636 8314.13 -5.3 
8.9 G5/13 30.31/+3.0740- 9 -19.643-82|-.22 -1.1 
8.4 G5113 51.11| 3.0767-11 19.649 81]-.06 +1.1 
8.6 F5/14 1.03| 3.0671- 1 19.652 81]-.14 +0.2 
8.8 AZ|14 9.38| 3.0620+ 5 19.654 80]-.07 40.1 
9.0 |14 43.64| 3.0719- 6 19.664 79]-.01 40.6 
9.0 114 44.36|4+3.0725- 6 -19.664-79]+.23 -2.7 
8.9 K5/15 2.111 3.0666 0 19.670 79|-.03 0.0 
8.9 G5/15 28.92] 3.0754- 9 19.675 78|4+.13 -2.1 
8.6 K5/15 24.26] 3.0751- 9 19.676 78]+.06 -1.0 
9.0 G5l15 25.26| 3.0675 0 19.676 78|+.04 -1.0 
8.4 K5/15 52.42143.0734- 7 -19.678-78|-.04 40.2 
8.8 F815 33.15] 3.0756- 9 19.678 78|-.12 +1.0 
9.0 |15 37.24] 3.0725- 6 19.679 78|-.15 0.0 
8.9 |15 44.70] 3.0759-10 19.682 78|-.14 -4.3 
8.6 K2\15 44.94] 3.06464 3 19.682 77|+.03 -0.2 
8.9 F5/15 59.34|+3.0705- 3 ~19.686-77 |+.04 -0.1 
8.9 {16 27.27] 3.0710- 4 19.693 76|+.07 -0.1 
9.0 F8/16 32.19] 3.0636+ 5 19.695 76|/+.04 0.0 
6.4 KO|16 53.79| 3.0758- 9 19.701 75|-.06 +0.1 
8.9 K5|17 25.62] 3.0640+ 5 19.709 74| .00 -2.9 
8.9 KO|17 54.85/+3.0687 0 -19.717-73|-.31 -4.7 
9.1 |17. 57.82] 3.06714 2 19.718 73|-.01 -0.1 28,29 
9.0 |18 24.27] 3.0767-10 19.725 73|+.05 -0.4 30.4 
7.0 45/18 35.33| 3.06594 4 19.728 72|-.10 -0.5 30.5 
9.0 50.53| 3.0684+ 1 19.732 71|+.01 +0.5 28.9 


4210=PGC 2970. Epoch of observation, 1914.25 


ZONE CATALOGUE, -2° to +1° 67 


| AG Prec. Decl Prec. and ee gare ide BD 
No. ‘augue ie7s Sec. fee 1875 Sec.Var. Epoch No 


+3. =0719- -19.740-70 
3.06635+ 19.742 70 
5.0748- 19.742 70 
3-0706- 19.743 70 
5.0683+ 19.772 66/- 


so 
eoeee 

° 
+4 
Sonos 
66 s@. 9,6 


Onnnnrn LPMDWOOD OCOURWO ORPOO® 


+3.0674+ -19.775-66 
19.774 66)- 
Ie Py Gi poiat oy 
19.789 64 


5.07355- 3 19.792 64 


“3p ae ae. 


(+t 
ofros 
OPKQH NDYNNHD PAH AO 


+3.0716- 1 ~19.794-63 
19.795 63 
19.800 62] 
19.816 60|- 


eeee 
tee 

OrO 
e e e e 


+3.0684+ 5 
3.0745- 3 
5.0752- 2 
5.0697+ 4 
320665+11 


-19.829-58 
19.832 58 
19.8335 58 
19.838 57 
19.864 53]- 


Stas 


OeEnnwmn HRMONO KHoAMnd LHROQE 
e 


-19.865-53 
19.873 51 
19.876 51 
19.878 51 

/ 19.880 50 


+5.0675+ 9 
3.06635+11 
5.0750- 3 
3.0757- 4 
5.0722+ 2 


e e @ 
COFOF DMADOOO OOMHHY ANMEbAMmM HROOCOD ONWODM 
HH 09 

e e s 


iS 


QORPAoN NHWN- 


-19.889-49 
19.889 49 
19.893 48 
19.895 48 
19.894 48 


+5.0718+ 3 
5.0662 13 
5.0726 2 
3.0711 5 
5.0658 14 


rs 
e e e e e 


YPM NNONH 


8. 
2 
8 
4 
9 
7 
8 
2 
8 
7 
9 
a 
8 
9 
ai 
9 
8 
9 
7 
8 
8 
8 
9 
2 
& 
9 
8 
2 
8 
8 


-19.894-48 
19.895 48 
19.900 47 
19.901 47 


+5.0699+ 7 
DORI,» 2 
nyo) 
5.0696 8 
Double 


GSO & 


+3.0664+14 -19.909-45 
4.0664 14 19.910 45 
3.0670 13 19.915 44 
5.0667 14 19.916 44 
5.0703 8 19.919 43 


+5.0692+410 -19.926-42 
5.0676 14 19.926 42 
G0701° 9 Loe Gad sal: 
5.0725 5 19.931 41 
3.0668 15 19.931 41 


+5.0695+11 -19.934-40 

AO LO Ly Oi 19.946 38 +0 

5.0745 1 19.953 36 +0 

5.0717 7 19.954 36 +0 
+0 
ob 


OwoOwom On~rwowao DODwWowo ROOD 
e 


5.0685 15 19.957 35 


$255=PGC 3020. 5276=PGC 3058. Epoch of servation, 1914.3 


68 YALE UNIVERSITY OBSERVATORY 


AG Magn Prec. Decl Prec. and ees 
No Specun ie Sec. nee 1875 sec. Var. Epoch No 


8.2 Ma 38 12° 14 |} +3. 0707 +10 26.4 1'27.8 ~18, "964- 34 =00 41.0 31.0 02479 
9.0 K5 38 21.29| 53.0736 4} < 19.965 34]/-.10 -0.1 350.1 
9.0 F8|38 28.45|] 5.0693 14 19.966 33|-.02 +0.7 

7.8 KO| 38 37.48| 3.0726 6 19.967 33|-.04 -3.7 

leak 38 41.40] 35.0674 18 19.968 33)]+. = Ree 

8.9 F8 52.16/+5.07352+ 5 -19.977-31)-.06 +1.5 31.0 
8.6 F2}40 56.29] 5.0704 13 19.982 29|-.09 +1.6 50.6 
9.0 G5} 40 51.91] 5.0753 5 19.984 29)-.05 40.5 30.0 
9.2 KO|/40 55.45| 56.0758 4 19.985 29|-.26 40.9 29.6 
9.0 K5 Eos) || OAC) tf 19.988 28)-.06 +1.0 31.0 
6.5 F8 58.54 |+5.0729+ 7] +0 $4.0|-19.997-25)-.39 +1.8 30.6 
9.0 KO/43 12.57| 3.0687 20|/-2 3 3. 20.000 24}-.10 +0.7 30.0 
9.0 KO/43 59.26] 3.0715 131-0 535 29. 20.005 23)-.84 +1.8 29.5 
8.0 GO|44 2.74) 3.0695 19]-1 43 26. 20.006 23|-.05 40.8 30.0 
Jee 44 25.23| 5.0689 21|-2 4. 20.008 22/-.04 0.0 28.4 
Cri SUS WemicO"/ wens © -20.016-19] .00 +1.1 30.0 
9.0 F8/46 33.05] 5.0715 14 20.020 18]-.20 +1.3 30.0 
Sioa: 47 19.66) 3.0710 27 20.024 16}+.10 -0.1 29.0 
9.3 47 35.22] 3.0709 18 20.025 16|+.01 +2.4 27.6 
8.4 K2 58.18} 3.0718 14 20.025 16|-.04 +0.3 30.5 
9.1 14.75 OO VeLO tee -20.028-14 -.06 FO 50.3 
7.8 G5/48 27.18) 5.0714 16 20.029 14|/+.31 -9.2 50.5 
8.6 KO/48 30.70] 3.0703 21 20.029 14]/+.01 -0.9 29.5 
8.4 F2/48 36.85] 5.0724 12 20.030 14]-.09 -1.2 29.4 
9.0 G5 52200} 3.0702 22 20.031 15|-.07 -1.3 28.9 
8.6 F5 37.21 |+5.0715+17 ~20.034-12) .00 -0.4 30.0 
9.5 F5|49 42.22) 3.0721 14 20.054 11|-.21 +0.2 31.0 
8.9 KO/50 17.62] 3.0702 24 20.056 10|-.04 -2.5 29.0 
8.9 F2/52 54.88] 3.0728 11 20.045 5|-.09 +0.9 30.7 
7.8 KO 10.16] 3.0714 21 20.045 5/-.14 -1.1 30.3 
8.8 G5 0.41 |+5.0722+16 -20.047- 3|-.10 -0.2 30.0 
8.9 F8)54 17.92 | 3.0709 27 20.048 3/|-.02 -0.4 28.9 
7.0 KO|54 37.74) 3,0717 21 20.049 2/-.02 -2.1 31.0 
8.9 G5/54 49.44] 3.0718 21 20.049 2/-.29 -1.8 30.6 
9.0 55 2.65| 5.0715 24 20.050 1/+.05 +0.7 29,30 
8.5 K |55 3.81) 3.0724 14 20.050- 1]-.03 +0.7 30 
8.7 55 95.07 | 3.0726 12 20.050 Oj+.11 -0.7 27.0 
8.5 A2Z|55 33.10| 35.0726 12 20.050 Oj-.028 -O.1 28,29 
9.0 G5 $5.92 | 5.0716 24 20.050 O}]7.08 -1.2 28.9 
9.0 5.07 |+3.0726+12 -20.051+ 1/+.03 +0.6 28.4 
8.2 KO|56 6.44] 5.0725 13 20.051 l1|-.14 -0.5 25.3 
9.0 F5|56 27.00 | 3.0720 21 20.052 2)-.11 +1.35 29.5 
8.6 K2/56 51.453] 3.0720 22 20.052 3|+.03 -0.7 30.5 
8.0 FO 7.84 | 3.0717 26 20.055 3}/+.02 +1.0 30.0 
9.2 GO 13.55 |+5.0722+18 -20.055+ 3|-.03 +1.1 31.0’ 
9.0 G5/57 51.38 | 3.0718 29 20.053 4/)/-.10 +1.1 28.9 
9.0 G5/58 10.42 | 3.0721 21 20.054 51/+.23 -1.5 29.5 
9.0 GO|58 17.78 | 3.0724 13 20.054 5)]+.11 +1.4 29.4 
8.6 Beer | sll ae 20 20.054 5] .00 +0.8 30.0 


5533=PGC 3140. 3345=Bu 6013:8.7,8.8,1". Epoch of observation, 1914.51 


ZONE CATALOGUE, -2° to +1° + 69 


ae 
eet Prec. Decl Prec. and Smee BD 
No Spectm 1075 Sec. ver. 1875 Sec.Var. Epoch No 


+36 "0720426 |- 
5.0722 23 
3.0722 20 
5.0722 28 
5.0722 16 


e es e e e 


+3,0722414 

3.0722 19 

3.0721 14 

3.0722 18 20.054 12 
3.0725 27 20.054 12 


5S% 


a 
mS 


S 


+35.0725421 -20.052+15 
3.0723 21 20.052 15 
3.0724 22 20.052 15 
5.0729 30 20.051 16 
5.0729 29 20.051 16 
5.0729 29 20.051 17 


DWOWDDO0Y DWAHOXID wwMwwow 


e e e 

+ 
PRAOR 
e J e 


+ 


3 


+5.0721+20 | 
5.0729 29 
5.07355 52 
5.0718 17 


-2Q.050+17 
20.050 18 
20.050 18 
20.049 18 


eee 
© 6 6 6 
f 

oof 


-20.048+20 
20.048 20 
20.047 20 
20.047 21 
20.046 22 


' 
}! 


+5.0725+24 
5.0719 19 
3.0725 25 
5.0734 32 
3.0716 18 


f 


2 09 
e 


at 
HHO 
e e e 


-20.044+23 
20.044 23 
20.044 23 
20.0435 24 
20.043 24 


+3.0726426 
3.0722 23 
3.0720 22 
3.0730 28 
3.0730 28 


PORH@O VNPOAND Hornet 


E OQ awe a) 

eo e@eee 

is 

ondfo 
° 


+3.0722+24 
3.0728 27 
5.0738 33 


-20.040+25 
20.040 25 
20.040 25 


20.039 26 
20.038 27 


+ 1 
psots 
eee ce 


3.0719 22 
5.0742 35 


oo eee 
oe 28 @ @ 


mo 
ee 


-20.054+29 
20.055 29 
20.031 30 
20.031 30 
20.030 31 


-20.028+81 
20.026 33 
3.0715 23 20.025 33 
3.0740 33 20.023 33 
3.0721 26 "20.023 34 


+3.0743434 -20.022+354 
Too bright 
3.0715 24 20.018 36 
3.0716 25 20.012 38 
3.0714 25 20.010 38 


3392=PGC 3202. Epoch of observation, 1914.3 


+3.0744435 
3.0711 20 
3.0715 22 
5.0738 32 
520714 22 


Hee 


° 
OHoe 
ee 


FNOM OCOBROO OYNNYOANM HFHRFUNDWD BODORMM DANM 


+3.07 36+31 
5.0724 26 


o1 
1 G09 on on 1 09 Cc ere 


ee 8@ @® @ 
Fr AP AP HO ob 


PHOTO FPOONF COONN OVOFO~Y WOOOMO OBRHFODO OCDhO OHOMOR Johoh OMORPH 


9 
| 8 
6 
8 
9 
9 
“) 
7 
8 
8 
8 
9 
9 
8 
8 
7 
9 
8 
9 
8 
8 
9 
9 
2 
8 
6 
9 
9 
9 
9 
3 
8 
9 
8 
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AG Magn RA Prec. Decl Prec. and gf ict tee tet) BD 
No Sect ee Sec. veers 1875 Sec.Var. : Epoch| No 
= 


+3. "0736432 |- 5 56. 4 20. '006+39 
53.0756 39 : 20.006 40 
3.0715 26 20.003 40 
3.0727 350 20.001 41 
3.07352 32] 19.994 43 


oO 
° 


e e e e 
e¢ @ 8 @ 


+5.0706+24 -19.994+43 


A2 5.0754 38 19.989 45|/-.01 ° 
° 3.0702 24 19.988 45)-.02 e 
° 3.0751 37 19.987 45|-.08 e 
-9 GO 5.0730 32 19.986 46/-.12 ° 


By 
S 
$846 S5464 SS8S5S_ 


0O F2 +3.0751+37 -19.985+46] +.06 ° 
2 G5 3.0714 28 19.983 46|-.17 e 
° F5 520747 37 19.977 48 -.O01 e 
-O GO 3.0711 28 .19.977 48] .00 +2. 
©9 AS 3.0712 28 19.975 48/-.05 -0. 


+3.0705+26 
5.0768 42 
5.0759 40 
3.0751 33 
5.07354 34 


-19.975+49 
- 19.969 50 
196967 50 
19.965 51 
19.962 52 


se 
OM@DND OVONMO WOM HRAMND DOWNLOD WOOMWNO wWOHODO DOO0O 
hy 
on 
eee? 
WOOMND OCONOMHO WAHKHNY OMNNHL AaANdTH HHOYIO MOoOHwoO BNNWOOD 


oSbS4h SHRSS 


I0OOO~ wooMOon~reo @Dwo@mwo® TIO OOWWO DMDoOwowow 0WOw — 


-8 Ma +5.0769+42 -19.962+52 ° 
-5 Ma 5.0763 41 ]/-1 44 16.4] 19.956 53)-.07 ° 
-8 K5 3.0735 35/-O0 32 29.1) 19.954 53/+.06 ° 
~6 AO 3.0753 39|-1 15 2.35| 19.945 55)+.08 ° 
~1 GO 5.0757 40/-1 22 33.0} 19.937 57] .00 ° 
° GO , +3.0751+39 -1 4 y/o Yi -19.929+59 -.03 arabes 
~O FO 3.0711 32]/+0 24 55.8} 19.919 60)-.17 +4. 
-6 FO 5.0766 42 |-1 35 59.7} 19.919 61)/-.02 -0. 
° F8 SONS) 41 -1 9 POE Se) 19.907 63 -.08 Galil 
~S K2 3.0745 38|-0 43 5.8} 19.905 63/-.05 +1. 
8.9 KO |29 23. 34 |+3.0772444 j-1 359 12.1/-19.890466/-.08 +2. 
8.6 K2/29 31.435 | 3.0744 39}-0 45 30.7/ 19.888 66/+.05 +0. 
8.7 KO|29 58.65] 3.0710 34]+0 23 42.4) 19.883 67/-.02 +2. 
8.9 G5|/30 13.11] 3.0720 36 42.7| 19.880 67|+.04 -0. 
8.9 K5|/30 30.70 | 53,0716 35 19.877 68/+.06 +2. 


-2 F5/30 40.94 |+5.0775+45 -19.875+68)+.52 -3. 
~8 F8|30 52.351 | 5.0707 34 19587S 6GOPt.15 ote. 
-6 F5|32 8.76 | 5.0695 32 19.857 71)-.16 +l. 
-O0 AO|32 32.41 | 3.0728 358 19.852 72)-.19 +0. 
of KO1GG= 0's 6B) Os 07091 OO 19.847 73|-.06 +1. 


-O F5 +3.0798+49 -19.840+74 
°9 A2 3.0717 37 19.839 74 
-O F8 3.0796 49 19.8353 75 


19.825 76 
SLO SOLU 17. 


3.0720 358 
5.0752 43 


On h AD oroOwo 
ty 
(eo) 


Too bright 
+3.0797 +49 
53-0680 33 
3.0709 37 
3.0781 47 


-19.815+78 
19.812 78 
19.809 78 

19.800 80 


DawDOoOow @DBwowvoow ODodoOn~ 


$413=Bu 6168:9.4,9.8,1-4. S422=PGC 3252. Epoch of observation, 1914.26 


ZONE CATALOGUE, -2° to +1° Te 


AG Magn Prec. Decl Prec. and at Meearees BD 
No |Spectm 1875 Sec. eee 1875 Sec.Var. Epoch No 


5451 6 41°85 +3. ©0717 +39 219; 798+ 80 ~209 29.0 |40 2975 
4452 on - 46.17 | 3.0697 361 +0 19.797 80]-.04 28.4 | +0 2976 
5455 ah 56 57.20) 3.0798 50 19.794 81}]-.23 28 -1 2719 

726 


aoa FO|36 58.40] 3.0805 51 19.794 81)-.01 22.0 |=2 3564 
3455 GO|37 13.01) 3.0756 44 19.790 621+.15 30.0 |-0 2603 


te 
DH ROK 
eee 
ROW 


3456 
5457 
5458 
5459 
5460 


Ma|37 17.70 |+3.0751+44 
GO|37 30.71} 3.0771 47 
A2|37 46.14] 3.0805 51 
K5|38 0.59)] 3.0753 44 
Ma|58 1.80) 3.0675 34 


29.4 |-O0 2604 
40.1 |-1 2720 
28.9 |=2 3567 
30.5 |-O 2606 
50.5 | +1 2746 


-19.789+ 81/+.05 +0. 
19.786 82/-.02 +0 
19.782 82 -.15 -1 
19.779 83)-.02 0 
L9.779° 62)=-.05 +1 


3461 
3462 
3463 
3464 
3465 


K2| 38 15.06 /|+3.0801+51 
KO|39 7.17] 3.0748 44 
KO/40 8.09; 3.0728 42 
K2|40 15.88/| 3.0722 41 
A5/41 31.32) 3.0736 44 


-19.776+ 83 -.04 +0 
19.765 85/-.08 + 
19.747 87|-.09 +0 
19.746 87/-.01 + 
L957 26 OO +e05. + 


5 

3 

rs 

0) 

4 

7 30.0 |-1 2721 
-9 50.0 |-0 2607 
6) 
) 
0 
@) 
9 


50.5 |-0 2608 
29.8 | +0 2981 
30.1 |-O0 2610 


3466 
5467 
5468 
5469 
5470 


F8/41 42.73 /1+3.0709+40 
F5/42 33.19! 3.0758 47 
K5/43 59.00]! 3.0773 49 
Ma|/44 19.34] 3.0726 44 
GO|44 34 Too faint 


-19.7235+ 90/-.25 +1.0 30.6 | +0 2983 
19.710 91/-.04 +0.9 29.8 |-O0 2613 
19.686 94|/-.07 +1.5 30.4 |-1 2731 
19.680 95)/-.06 -1L5 30.1 | +0 2989 


5471 0O K5/44 44.80 |+3.0771+49 -19.675+ 96/-.08 -0.7 30.0 |-0 2620 
3472 ° 44 52.63) 5.0823 55 19.671 96)-.01 +0.2 28.9 |-2 3589 
54735 ©9 K5/45 15.52 | 5.0669 38 19.664 96j-.10 +0.3 30.5 |+1 2763 
3474 ~5 F8/45 27.75/] 3.0687 40 19,66) 97 19. 12-4007" 2oe8- $2052975 
3475 00 G5/45 46.29/ 5.0708 43 19.656 97/+.05 +0.4 29.9 | +0 2995 | 
5476 ©8 K5|/45 47.71 |+3.07 34446 ~19.655+ 97/+.01 -0.5 30.1 |-0 2622 
°9 K5/46 3.58} 3.0680 40} 19.651 98/-.01 +0.5 29.5 |+1 2765 
1 5478 ©O0 GO|/46 29.75] 3.0749 48 19.645 99)-.32 +1.7 30.0 |-0 2625 
3479 ° 19.642 99/-.01 +0.5 29.4 |-0 2626 
5480 -8 K5/46 45.26 | 5.0669 39 19.659 99)+.01 -0.5 29.4 | +1 2766 
5481 K2|47 3.68 |+3.0726+45 -19.635+100 |+.04 -0.2 25.3 |+0 2996 


5482 
3483 
5484 
5485 


Ke |47 12.19 | 5.0685 41 
FO |47 43.73| 3.0761 49 
F5|48 1.86| 3.0794 53 
8.35 


19.630 100|;-.02 +1.6 30.5 |+0 2997 
19.621 101|-.07 +2.9 50.1 |-O 2628 
19.615 102)+.09 +1.4 29.5 |-1 2737 
19.595 104j-.12 -0.5 30.0 |-0 2629 


5.0745 48 


5486 
5487 . 
5488 
3489* 
5490 


KO }49 14.69 |+3.0686742 
K2 |49 15.48 | 3.0774 51 
G5|49 35.05] 5.07350 47 
P5/50. 1.90) 3.0756 48 
3.0731 47 


-19.595+104} .00 +1.3 25.6 |+0 3002 
19.593 104/+.03 +1.4 30.0 |-0 26350 
19.587.105; .00 0.0 29 |-0 2631 
19.578 105|/+.03.-1.7 29.4 |-0 2632 
19.574 106|-.08 -0.6 29.4 |-0 26354 


16.70 


-19.569+106/+.05 +1.0 29.9 |-0 2655 
19.558 108/+.15 +1.9 30.0 /-1 2744 
19.557 108/-.04 +0.8 30.0 |-1 2745 
19.550 108/+.01 +1.8 50.4 |-1 2746 
19.539 109|-.02 +0.2 30.5 |-0 2637 


3491 
3492 
5493 
5494 

3495 


K2|50 31.82 |+5.0744+49 

51 5.86} 3.0789 54 
F8/51 9.71) 3.0830 58 
F8 |51 28.88 | 3.0794 54 
3.08 | 3.0742 49 


-19.536+110 |+.11 ° 
19.562 110/}-.04 +0.7 25.7 | +1 2775 
19.531 110/+.08 -0.35 30.0 |-1 2748 
19.530 110/+.01 +1.9 30.1 |-0 2659 
19.529 110}-.15 -2.0 30.1 |-1 2749 


K2 |52 13.95 |+3.0840+59 
KO |52 24.44 | 3.0667 42 
KO |52 26.72/ 3.0790 54 
K5/52 31.26 | 3.0731 49 
3.0797 55 


$496 
3497 
5498 
5499 
3500 | 


8 
8 
7 
8 
8 
8 
9 
8 
8 
8 
8 
8 
8 
8 
2 
9 
9 
8 
8 
9 
7 
5477 |8 
9 
9 
8 
8 
9 
9 
9 
8 
7 
8 
9 
id 
8 
9 
9 
9 
9 
8 
7 
8 
9 
8 


354.51 


6 
8 
) 
8 
& 
8 
0 
6 
5 
9 
3 
8 
9 
6 
i 
0 
0 
9 
3 
0 
8 
9 
0 
0 G5/46 32.69| 3.0735 46 
8 
8 
0 
0) 
a 
8 
4 
8 
0 
6 
8 
0 
2 
0 
0 
5 
2 
4 
0 
8 
2 
Ke 


317. 3489=Bu 6312:8.2,8.6,0-6. Epoch of observation, 1914.3 
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ee 
AG | Magn Prec. and Decl Prec. and etait mae wots BD 
‘No Spsckni 1875 Sec.Var. 1875 Sec.Var. Epoch No 
9.1 F5/52 743263 +3°0709+47] +0 ah. ‘5264111 508 6 29.4 +0° 3006 
8.7 57.17} 3.0747 50 19.521 111]-.02 2227 30.0 i 2640 
9.1 19.22] 3.0670 43 ° 19.514 112/-.02 +1.7 29.5 |#1 2775 
8.5 29.47| 35.0698 46] +0 ° 19.510 112]/-.11 +0.8 30.4 /+0 3008 
9.1 39.87) 3.0796 55. . 58. 19.507 113/+.17 -2.4 29.9 |-1 2753 
8.0 40.90] +3.0669+43 © 6|-19.507+4112)/-.01 +0.9 30 +1 2776 
8.0 42.87| 3.0750 51 . 19.506 113/-.03 +2.4 30.1 |-0 2641 
9.1 55.79| 3.0833 59 ° 19.501 113/-119 +0.2 25,22 |-1 2754 
9.0 8.24] 3.0715 48 ° 19.497 113|/+.10 +0.2 30.0 |+0 3009 
8.5 12.95] 3.0826 58 ° 19.496 114/+.11 0.0 30.1 |-1 2755 
8.9 44.10] +3.0826+58 -19.485+115/+.02 +0.2 30.1 |-1 2756 
9.2 32.56| 3.0797 56 ° 19.468 116/+.01 +0.5 25.6 |-1 2759 
8.5 39.58| 3.0662 44 19.466 116/-.06 +2.0 30.6 |+1 2779 
8.9 22.21| 3.0668 45 ‘ 19.451 117/-.18 +0.8 30.1 |+1 2783 
8.7 24.28| 3.0729 50 . 19.450 117/-.01 +0.3 30.0 |-0 2647 
8.9 52213) +3.0770+54 -19.447+118)/+.05 +1.0 30.0 |-0 2648 
aie LOSS) SvOV17 50 . 19.4335 119|-.08 +1.1 30.5 /+0 3013 
are 55.70) 5.0754 51 . 19.424, VSO. O50 tl. Sh OOek l= Olson 
9.35 DOs Ill Oe SIE 56 e 19.419 120|/-.04 +3.0° 25.9 |-1 27635 
9.0 Olea O07 9867 9} 19.416 121/-.06 +0.5 30.1 |-l 2764 
eal 8.54] +5.0668+46 9.0)/-19.412+121|+.06 +1.5 29.6 |+1 2784 
9.0 9.00} < 4) Oo eere edit eOOmcdO omc oul —Iearioo 
7.8 14.06 Jed) LOS One | Ole tO etn ona FOmoOs 
Wire Ble os 7.7| 19.408 121/-.13 -1.4 30 +1 2786 
Bn 46.35 39.5) 19.598 122.06 +0.6 29.9 |-0 2655 
8.5 1.70|+5.0855+61 Zee | -1925954125)-.05 40.9 50.0 |-1 2768 
Biedt 46.66) 66.0721 52 54.5] 19.376 124|-.04 +1.6 25.9 |+0 3017 
oes 54.57} 5.0850 62 O<2| 19.975 125 1+.10° +2.8) 26.9 =i 2770 
Gao O20. 52 Se.O798 SE SIGUA SUSI ISO! Tyee) Sa aes) ApOinal SRO) ean yc 
9.0 O 29.64] 3.0693 49 46.4; 19.360 125|-.02 +2.4 30.4 |+0 3020 
9.0 0 37.48 |+3.0845+62 4.2|-19.557+126|-.08 -1.1 25,23 |-1 2773 
Se ONS .92 oO. O71 O9M OL 6.6) LO, OSee leo |e loa rls OOO Oral ton oOed 
£)5G) On 59.8611 5.07.85) 57 BV 6 EO. Sol, 26 <i ads LOO Om =O ZOOS 
eloat 1 33.36; 3.0677 49 2064) 1975550127 |= .04) 0. One oom tom ooze 
8.8 1 59.02| 3.0855 63 57.9) DI S25 2S i+.02 =059 2859 2 S654 
8.2 2 3.93) +35.0848+65 =O, SEGAL Oe) tes Oe O lads 27 a 
8.8 5S 2.80] 35.0686 50 oO 19. S00) £30 =. 0S 1 Seed Mito C026 
9.0 O29. Ol) S07 69 OF UG AIO) WSO SeOe Wg) AE -0 2662 
8.8 5 40.08} 3.0719 53 9, 280 Wola .O0F TO Tea ee CunitOa0sG 
8.4 4 18.99] 3.0706 52 19.270 132|)-.09 -1.5 29.4 {+0 3030 
Sig) 4 20.56]+35.0724+54 -~19.269+132/-.25 -0.7 28.9 |+0 3029 
8.6 4 51.67| 3.0856 64 19.265 155/+.03 +1.8 30.0 |=-1 8781 
8.0 6 18.78| 5.0829 63 19.220 137|-.27 +1.1 30 -1 2784 
(oe 6°20 60). 07. 95. 60 K 19.220 1361+.01 +0.2 25.6 |-0 2668 
Blob 6 30.55| 3.0826 62 3 LOSS Or UST peer th. Gee Ians wimd aoe 
9.0 BZ Oo OGO+oo =1 9. cLO tO tre On re Cee Cee mll=O oOo 
8.0 6 48.41| 3.0849 64 19.208 138|-.17 +0.2 29.9 ji-l1 2786 
9.0 T1609 Dep OLoosod 19.196 138/-.01 -0.9 29.4 |-0O 2671 | 
ae 206 D0 OeOGlonos VW9629S LS9l+.06 —2.2) 2569 at 2rer 
9.0 -7 31.83] 3.0842 64 19.190 139}-.06 -0.2 29.4 |-1 2788 


35459Bu 15243;9.4,10.5,123. Epoch of observation, 1914.3 
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3582=PGC 3485. 


ZONE CATALOGUE, -2° to +1° 


Deol Prec. and Photo-Nicolajew BD 
1875 Sec.Var. we Epoch No 


Prec. 
geo. Vaee 


+3. “0868466 |- 
5.0695 53 
3.0666 51 
5.0816 62 
5.0860 66 


+3.0797 +61 
5.0680 53 
3.0774 60 
3.0795 62 
3.0724 57 


+3.0858+67 
3.0638 52 
5.0767 60 
3.0647 53 
5.0739 60 


+3-0678+56 
5.0761 61 
3.0717 59 
3.0787 64 
5.0632 54 


+3.0728+60 
5.0835 67 
3.0696 58 
3.0852 68 
3.0709 61 


+3.0846+68 
3.0707 61 


+3-.0695+60 
520737 62 
3.0773 65 
3.0781 65 
3.0659 58 


+3.0785+66 
5.0640 58 
5.0827 68 
5.0859 70 


| 3.0905 73 


+5.0859471 
52.0743 58 
30775 66 
3.0865 71 
3.0890 73 


+3.0876+72 
5.0790 68 
5.0917 75 
5.0625 59 
3.0657 60 


eo eee 
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3584=PGC 35490. 


~19..187 +139 
195186 139 
19.183 139 
19.167 140 
19.156 141 


-19.164+141 
19.153 141 
19.126 143 
19.099 145 
19.097 145 


-19,060+148 
19.058 147 
19.057 148 
19.001 151 


| 18.976 153 


-18.969+153 
18.967 154 
18.960 154 
18.935 156 
18.926 156 


~18.924+156 
18.910 158 
18.905 158 
18.905 158 
18.893 158 


-18.881+160 
18.864 160 
18.851 161 
18.814 163 
18.812 163 


-18.795+164 
18.788 165 
18.769 166 
18.759 167 
18.759 166 


-18.742+168 
18.730 168 
18.728 169 
18.715 170 
18.704 171 


-18.699+171 
18.691 170 
18.680 171 
18.680 172 
18.653 173 


-18.6424174 
18.616 175 
18.608 176 
18.605 175 
18. 601 175 


apoch of 


Siege 


73 


e e 
NOW hen Ore 


mosdo_ 


oS550 


40g 
WOOHOO O 
e e ee 


& 


1st 
SOO 


ri¢s 
ondsdit 
@ e e e e 


a 


+ tof 
HPHewoP 
e eee e e e eee 


e 
ADWO WNONWVO HNDAY WNNWODM PANARM AMFMWADB NOONO wrenben 
a 


e e 2 e 


eSHSh SFSAS 


observation, 1914.3 


74 YALE UNIVERSITY OBSERVATORY 


AG Magn Prec. Decl Prec. and pia ta er BD 
No Seon til note Sec. vars 1875 Sec.Var. Epoch No 


Too bright 


+380893+74 
3.0885 73 
3.0907 75 


+3.0751+66 


-18. 5684178 - 


18.564 178 
18.549 179 


-18.546+179 


3.0717 64] 18.542 179 
5.0748 66 18.532 179 
3.0890 74 18.5235 181 
5.0778 68 18.517 180 


+3.0662+62 -18.494+181 
3.0685 63 18.491 181 
3.0721 65 18.481 182 
3.0854 72 18.479 183 
3.0807 70 18.477 183 


Po 
ee 


e e e e 2 
e 


=] 


-18.466+183 
18.461 182 
18.460 183 
18.459 184 
18.450 184 


+5.0782+69 
3.0621 60 
3.0756 67 
5.0899 75 
5.0777 69 


+3.0896+75 
53.0777 69 
3.0814 71 


-18.444+185 
18.420 185 
18.403 186 
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18.399 187 


Hob 


3.0884 75 
Too faint 


+3.0898476 -18. 3044192 
300778 70 18.3501 191 
Too faint 
3.0736 69 18.225 195 
3.0627 64 18.185 196 


+5.07824+72 -18.177 +197 
3.0706 68 16.17 75197 
3.0941 79 16.175 298 
5.0617 64 SecEorlge 
5.0903 78 18.143 200 


ad 


i] 
HS 
e868 


NYVNOOM FPOWONFL UTROAONY OUANMNNDY OM OM 


babe 
eevee 


t 
oOo 


+3.0719+69 -18.121+200 
3.0615 64 29-216 199 
5.0818 74 18.1135 201 
3.0719 69 18.101 201 
3.0763 71 18.096 201 


Muowwonw YDwWwowo BOW WDO ONNWDDO OWDWHWD WWWALW oonoo OO DOU 


fs te 8 ars 
o0o0w 
eee ee 


+3.0946+80 -18.093+202 
3.0820 74 18.080 202 
3.0855 76 18.068 203 
5.0670 68 18.049 203 
5.0946 81 18.000 207 


ee 
tee 

we 
ee 


ae 


a 
WwW 


+5.0601+65, -17.995+205 
3.0815 75 17.954 208 
53.0905 79 17.948 209 
3.0865 78 17.881 212 
3.0759 735 17.881 211 
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Epoch of observation, 1914.3 


AG Magn 
No Spectm rare 
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3651=PGC 3594. 


el 


53 18.25 


55 20.93 
53 33.95 
53 42.42 
54 14.06 
54 21.12 


|54 34.20 


55 29.55 
55 37.01 
55 40.02 
56 5.08 


56 10.96 
56 16.14 
56 24.66 
56 52.11 
56 59.94 


57 28.16 
57 38.01 
58 26.46 
58 30.16 
58 50.73 


0 52.48 
1 2.21 
1. 8.27 
1 15.94 
1 26.53 


1 30.97 
1 42.20 
1 52.24 
1 53.48 
2 42.29 


2 45.53 
3 29.27 


|; & 30.03 


3 39.89 
3 52-31 


ZONE CATALOGUE, 


Prec. 
Sec. a8 


3, 0910 80 
3.0775 74 
5.0812 76 
3.0796 75 


+3.0699+71 
3.0679 70 
5.0752 74 


3.0636 69) 


3.0701 72 


+3.0693+71 
3.0959 83 
5.0909 81 
5.0653 70 
5.0674 71 


+3.0650+70 
3.0833 78 
5.0651 70 
3.0887 80 
3.0855 79 


+5.0954+82 


3.0903 81 


+3.0649471 
3.0873 80 
3.0984 82 
3.0659 72 
3.0725 75 


+3.0586+469 
3.0695 74 
3.0706 74 
3.0767 77 
3.0759 76 


+5.0778+78 
5.0776 78 
5.0779 78 
3.0675 74 
3.0659 73 


+3.0904+83 
5.0776 78 
320627 72 
3.0608 72 
3.0661 74 


+3.0657 +74 
3.0729 76 
3.0596 72 
5.0619 71 
3.0687 75 


eg 


to +1° 


AT, '857 +212 
17.852 213 
17.851 212 
17.827 214 
17.821 214 


-17.798+214 
17.785 214 
17.775 215 
xy A Gf Be ae ns) 
17.768 215 


-17.7494216 
17.740 218 
17.730 218 
LWetlis el? 
17.653 220 


-17.6514220 
17.642 221 
17.636 220 
17.614 223 
17.609 223 


-17.600+224 
17.561 223 
17.556 223 
17.554 224 
17.536 226 


-17.532+225 
17.528 226 


| 17.522 227 


17.503 226 


17.497 227 |: 


-17.477 +226 |. 
17.470 287 


17.4355 229 
17.433 229 
17.418 250 


~-17 3294233 


17.522 234 
17.517 234 
17.312 233 
17.304 233 


-17.501+235 
17.292 235 
17.285 234 
17.284 234 
17.248 236 


~17 .2464236 
17.213 237 
17.212 236 
17.205 237 
17.195 238 


Epoch of 


75 


Decl Prec. and a eect BD 
1875 Sec.Var. Epoch No 
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observation, 1914.3 


76 YALE UNIVERSITY OBSERVATORY 


142 | 
AG Magn RA Prec. and Decl Prec. and 
No Spec 1875 Sec.Var. 1875 Sec.Var. 
0 ad Eaagee 


tm 
KO 


Photo-Nicolajew BD 
@ $8 Epoch No 


B 
a 


: 4 Double é ,- eae. eae 
-O KO| 4 30.72|+380974+86/-2 5 2.6/-17.167+241/-.04 +1.1 29.9 
-O F8| 4 36.04| 3.0621 73/+0 50 28.4] 175163 238/+.01 +150 30.0 
-9 KO! 6 15.01] 3.0891 83]/-1 23 11.3] 17.087 243/-.17 -0.1 30.0 
-4 KO! 6 27,83| 3.0609 73|+0 55 54.5] 17.078 241/-.03 +1.3 25.9 
~5 F5| 7 14.56 -O 15 30.9|-17.0424+244] +.40 -3.5 29.9 
e KO 7 36. 59 @-1 12 17.6 -.03 +0.35 29.9 
Z 7 58.10 -0 “0 5853 =x 06.8008 2979 
«1°62 8.97 £1613; +0 50 19.5] 16.986 245|-.06 +1.6 28.9 
; 8 31.89| 3.0936 85/-1 43 8.2] 16.982 247/-.07 +0.5 28.9 
J 40.59| +3.0826+81]-0 50 10.8/-16.975+247/-.15 +0.4 29.4 
-9 K2/10 29.04] 3.0819 81]-0 45 59.3) 16.891 250/-.10 +1.3 29.9 
-O F8/10 37.39] 3.0659 76]/+0 30 17.2] 16.884 248] +.07 -3.1 29.4 
-2 FO|10 44.88] 3.0862 83 13.0] 16.878 250|/-.13 -0.1 29.4 
: 10 47.12] 3.0984 87 16.877 251|/+.02 +0.5 28.9 
.O P5/12 57.87| +3.0917+85 -16.773+254| -.24 +1.1 30.4 
.5 K2/13 3.36] 3.0650 76 16.768 252|-.06 -1.7 30.0 
-O KO|13 5.74] 3.0938 86 16.766 255|-.30 -2.0 29.9 
~8 AZi\13 18.08| 3.0599 75 16.757 252/-.13 -0.2 28.9 
e1 KO/14 6.04| 3.0625 76 16.718 254|-.28 -0.9 27,26 
é 14 15.09] +3.0619+75 -16.711+254|-.05 -0.7 29.9 
-8 F8\/14 17.73 16.709 256/-.09 0.0 28.9 
; 14 26.90 16.701 257/-.06 +0.6 29.9 
.7 KO|14 37.98 16.692 258] .00 -0.5 30.0 
A 7.38 16.669 258/-.01 +1.0 29.4 


15 10 


° 15 19.10/|+3.0817+82|-0 43 54.7|-16.659+257|-.12 -0.8 28.9 
©8 A2Z/15 31.91} 3.0907 85/-1 24 55.7| 16.648 258)-.18 +0.6 29.3 
-O0 AO|16 21.96] 3.0751 80/-0 3 57.1) 16.608 258)/-.18 -1.5 29.9 
-9 K5/16 22.83| 3.0853 84/-1 O 1.4] 16.607 259)-.07 +0.5 30.0 
©O G5\17 10.135) +3.0641+77| +0 37 0.4) -16.568+259) +04 +0.1 29.9 
° 17 11.89) 5.0967 87]}-1 51 27.2] 16.567 262/-.08 +0.6 29.5 
-5 Maj/18 8.36] 5.0957 87/-1 46 50.9} 16.520 2635]-.03 +1.1 29.9 
-8 KO/18 12.10| 3.0643 77/40 36 2.1] 16.517 260]/-.11 -0.4 30.0 
° 18 21.83} 3.0675 78/+0 21 21.9] 16.509 261/-.03 +0.4 29.9 
-9 GO|18 46.15/+3.0596+76|+0 57 3.0|-16.489+261} .00 -0.5 28.9 
-O KO|18 51.63} 3.0779 82}-0 25 22.1] 16.484 263)-.04 -0.9 29.4 
-8 F5\)19 19.18; 3.0803 82]-0 36 21.7} 16.461 264]/-.22 -1.5 29.3 
-5 F2/19 38.35} 3.0739 80/-0 7 55.6) 16.446 264)/-.08 +#0.4 30.5 
-6 G5/20 12.26] 3.0792 82 17.5) 16.417 265)-.04 +0.5 29.9 
° 20 31.03 | +3.0840+84 ~16.401+4266)-.07 -0.6 
-O F8/20 45.95) 3.1009 89 16.389 268}-.13 +1.6 
-4 K5/20 53.43] 35.0881 85 16.583 267|-.08 -0.2 
©9 F8/21 22.90] 35.0652 77 16.558 266/-.05 +2.0 
° 25.97 | 3.0857 84 16.3557 267|-.135 +0.7 

F8|21 32.70 |+35.0885+85 -16.350+268 0.6 

G |21 41.32) 5.0751 81 16.342 267 

KO/21 45.42] 5.0948 87 16.338 269 


3.0995 89 
5.0692 80 


16.3501 270 
16.298 268 


22 30.10 
53.15 
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S706=PGC 3644. 3715, R.A. very discordant even after remeasurement: preceding 
plate, 47501,47§03;following plate,47822,47820. 3718=PGC 3678. 3726, outside zone. 
3728=PGC 3687. 5748=PGC 3710. Epoch of observation, 1914.3 


ZONE CATALOGUE, ~-2° to +1° 17 


eit a Prec. Decl Prec. and a Pade aie BD 
No Spectm| 1875 eee 1875 Sec.Var. Epoch No 

8 
+3.0880+85] — BG "285+270 
5.0954 88 16.275 271 
5.0610 77 16.266 268 


5.0919 87 16.250 272 
5.0840 84 16.199 272) - 
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Las) 


+35.0678+80 
5.0893 86 
5.0749 82 
5.1015 90 
3.0721 81 


-16.1835+271 
16.141 274 
16.105 274 
16.052 278 
16.050 276 
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+3.0853+85 -16.031+277 
15.997 278 
15.942 278 


15.931 278 
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+35.0592 +78 
5.0775 83 
5.0665 80 
3.0714 82 
3.0581 78 


+3.0692+81 


-15.912+278 
15.909 280 
15.879 280 


15.857 281] - 


15.848 280 
-15.771+283 


i] q 
Omor 
eee e 


3.0757 83 15.760 284 
3.0680 81] 15.745 284 
3.1050 91 15.718 288 
3.0800 84 15.715 286 
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se 


+3.0997 +90 -15.665+289 
5.0942 89 15.637 289 
3.0629 80 15.637 286 
3.0847 86 5 15.631 289 
3.0707 82 15.627 287 


ond 
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3764=Bu. 6931,9.2,9.2,026. 


+3.0586+79]. 


5.0788 84 
3.0739 83 
3.0992 90 
5.0650 81 


+3.1014+91 
5.0636 80 
3.0735 82 
5.0619 80 
3.0807 85 


+3.0855+86 
3.0536 78 
3.0698 82 
3.0841 86 
3.0769 84 


+3.0860+87 
3.0864 87 
3.0898 88 
3.0765 84 


3.0698 82) 


3792=PGC 3767. 


-15.619+286 
15.609 289 


' 15.608 288 


15.605 291 
15.5235 290 


-15.513+293 


' 15.508 290 


15.484 292 
15.458 .291 
15.439 293 


-15.4352+294 | - 


15.411 292 
15.406 293 
15.3584 295 
15.369 295 


-15.362+296 
15.356 296 
15.341 297 


15.3530 296] - 


15.322 295 


q 
2. ak 
Qa OMnOhP OHMS NHOVA KYPRPR HPP NYOH an 


Epoch of observation, 1914.3 
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AG Prec. Deol Prec. and nee 
No Pose 1675 apie 1875 Sec.Var. Epoch No 


8.3 G +3. ©0685+82 -15.297+296 -°20 =2.5 
8.6 3.0813 86 15.241 299)-.01 -0.9 
8.9 3.0900 88 15.210 300|-.08 -2.6 
8.9 5.0949 89 15.194 301 

17.7 +3.0644+81 -15.155+299) -.01 0.0 
9.0 5.0769 85 15.132 301};-.11 -0.4 
8.7 Double 
8.4 5.0728 83 15.112 301} -.02 +0.2 
9.0 3.0706 83 15.107 301] -.14 +0.5 
4.8 +3.0995+90 -15.104+304/ +.19 -3.7 
6.5 -.09 +1.5 
8.4 -.06 +1.1 
8.5 ° --11 +0.4 
9.0 15.081 501 -.06 0.0 
8.6 +3.1020+91 -15.080+305] -.03 -1.8 
9.0 3.0819 86 -.13 +1.1 
8.8 3.0861 87 ° -00 +0.6 
8.8 3.0624 81 15.012 502 -.17 -8.9 
8.8 3.0564 80 15.007 302} -.03 +1.0-. 
8.8 +3.0640+82 -15.007 +303) -.135 +0.3 
9.0 3.0831 86 14.998 305|-.04 +0.7 
8.3 3.0709 83/+0 5 13.7} 14.940 305) .00 +1.2 
cae 3.1031 91]/-1 58 49.6) 14.940 308/-.09 +0.9 
are 5.0706 83 . 14.937 305) +.10 -1.2 
8.8 +3.0625+81 -14.915+505| -.04 +1.7 
9.0 5.0935 89/-1 21 40.0} 14.910 308) +.12 +1.4 
8.8 3.0974 90/-1 36 17.2] 14.856 310/-.05 +1.4 
9.2 5.0627 81 14.856 306) -.02 +0.5 
9.4 Too faint 
8.8 +3.0617 +81 -14.844+3507|)-.13 +2.5 
9.0 3.0770 85/-0 17 56.1) 14.749 310/-.01 -0.3 
9.5 3.0569 80/+0 58 11.2/ 14.747 309/+.05 -0.3 
8.9 3.0869 87|-0 55 33.0} 14.728 312/-.08 +0.6 
8.7 +3.0917 +88 -14.697+313|/-.10 0.0 
See 3.0610 81/+0 42 29.0/ 14.691 310/-.03 +0.5 
8.6 53-0626 82/+0 36 33.9| 14.682 310/-.01 +1.4 
9.3 3.0794 85/-0 26 47.7) 14.656 313/-.06 -1.2 
8.5 53.0697 83 14.635 312/+.01 -0.9 
8.8 +3.0931+89 -14.622+315|}+.02 +1.0 
8.7 5.0654 82 14.579 313/-.38 +1.9 
8.6 5.0943 89 14.572 3516/+.02 +0.2 
9.1 3.0999 90 14.561 317/+.15 +0.8 
8.4 3.0556 80 14.554 313]-.05 +0.9 
9.1 +3.1016+91 ~14.515+318] .00 +2.7 
5.0 5.1087 92 14.496 319}+.09 -0.1 
8.0 3.0527 79 14.464 315 °7 
6.5 3.0665 83 14.461 316 
8.5 3.0968 90 14.446 320 


5811=PGC 35790. 3835=PGC 3816. 3847=PGC 3828. 3849=PGC 3831=Bu 7096:6.6,8.9,015. 
Epoch of observation, 1914.3 


ZONE CATALOGUE, -2° to +1° 79 
—— 


AG Magn Prec. Decl Prec. and piss Eas ie BD. 
No | Spectm tor Sec. rie 1875 Sec.Var. Epoch No 
6 


+3.1065+92| - -14.4044321 
3.0989 90 14.339 322 
5.0790 86 14.305 321 
5.0538 80 14.290 319 
3.1057 92 14.270 324 


e e e e 


+3.0561+80 -14.247 +320 
5.1038 91 14.236 325 
3.0545 80 4 14.236 320 
3.0858 87 14.232 323 
3.0765 85 14.230 322 


peas. 


i te 
roo 
ee 


e 


+3.0969+90 -14.227 +324 
3.0951 89 14.191 
3.1028 91 14.176 
5.1022 91 14.147 
5.1020 91 14.138 


gsr 


+3.1024+91 -14.120 
3.0638 82 14.117 
3.1069 92 3} 14.113 
5.0657 83 14.113 
3.0652 82 14.080 


&SoS5 


+3.0819+86 -14.066+326 
Double 

3.1073 92 14.012 330 
3.0957 89 13.994 329 
3.0878 87 13.989 329 


+3.0522+80 -13.973+325 
3.1048 91 13.968 331 
3.0790 85 13.959 328 
3.0820 86 13.942 329 
3.0620 82 13.907 328 


wa dd is 


+3.1024+90 -135.861+3353 
35.0565 81 13.809 329 
3.0707 84 13.791 331 
3.0839 86 , 13.780 333 
3.0872 87] 13.777 333. 


Ome xr 


it 
eeeee 
e @ 


+3.0880+87 -13. 759435335 
3.0838 86 13.744 333 
3.0921 88 13.738 334 
3.1054 91 13.708 336 
3.0964 89 13.705 335 


Sib 
S2Ess Ssege 


+3.0870+87 -13.705+335 
5.0580 81 13.679 332 
3.1056 91 13.646 338 
3.0844 86 13.633 3536 
3.0616 82 13.610 334 


SSS 


+3.0579+81 ~13. 584+3354 
3.1047 90 

3.0941 88 

3.0672 83 13.556 335 
5.0813 86 13.468 339): 


wsm MO0OWY DODOMOHY WWOONA 
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9 te 
8.0 
8.8 
9.0 
8.3 
9.0 
8.8 
8.4 
8.8 
ee, 
8.9 
9.0 
8.5 
8.3 
9.0 
8.2 
8.9 
9.0 
8.4 
8.8 
8.7 
8.9 
9.0 
9.0 
8.4 
9.0 
8.0 
8.5 
8.8 
7.3 
9.4 
762 
9.1 
9.0 
9.0 
9.0 
8.9 
9.0 
8.6 
720 
8.0 
8.2 
8.5 
8.6 
6.0 
9.0 
8.9 
8.9 
7.8 


3865=Bu 13294:8.8,9.5,0.3. 3891=Bu 7166:7.5,8.0,0el. 3896=PGC 3885. 
Epochs: stars 3851 to 3862, 1914.32; stars 3863 to 3900, 1914.37 
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1 


5h 
AG Magn RA P 
No Spectm 1875 


22°25°66] +3"orr sac 
11 45.07| 3.0616 8 
11 50.54! 3.0919 a6 

8 


12 1.52] 3.0723 
12 2.17! 3.0779 


12 7.88) +3. 0747 +9¢ 
12 15.20) 3.0672 8 
1/12 29.02 S.0920 8 
| 12 45,73) 5.1020 90 
12 50.98) 3.0547 80 


13 2.66 +5. 0607 +8 
}13 22.72 5.0545 80 
15 48.28 5.0682 83 
14 0.92) 3.0849 86 


1@ 2.24 +5. 059948 
19.49) 3.1065 90 
40.15) 3.0527 ao 
42.72) 3.0684 83 

5.16) 3.0796 85 


16.80 +3. 0997496 
12.34, 3.0914 987 
59.07) 3.0561 80 
17.351) 3.0824 95 
56.535/ 3.0740 9. 


0. 54/ +3. 1032489 
21.40) 3.0587 806 
26.40) 3.1041 a9 
53.10} 3.0908 97 
18.39) 3.0867 a6 


58.09 | +3. 0591482 
41.75) 3.0833 85 


55.3) 13.3299 S39 
5.8) 13.501 34] 
~O 0 14.2 15.293 34) 
-O 43 86.9 15.887 343 


+O <2 16.6) -13. 2864340 
~1 57 82.) 15.866 346 
+1 10 12.9 15.244 So 
+70 13 18.9] 13.3842 34g 


-~0 2516.0 15.217 343 


wl 33 40.6/~13. 2044346 
aac ist 13.143 346 


54 45.7) 135.124 5 
-O 3S 31.2) 15.072 Sa? 
§ =e 15.028 S46 


1 44 33.5) ~13. 02834350 
54.4) 13.000 Sg5 
30.0 


12.9865 350 
12.9357 S5o 


+5. 0663+82 
5.1007 88 
9.00} 3.1107 90 
10.94; 3.0535 79 
58.87} 3.0883 85 


8 1.4) 18.746 356 
+1 2 el 18.744 340 
315.4) 


5 14.8 
$818.8) 12.598 359 
+O 35 53.2) 12.572 SS 
S2 34.0) 18.507 355 
-1 21 28.1 


12.94 +5. O706+82 
-635/ 3.0862 95 
5 Too fsint 


5 29.6 ~18.4694556 
-O 45 39.8 12.448 558 
1 


1.73 | 3.0683 81/40 19 29.5 18.345 388 
8.55] 3.0912 85/-1 1 45-7] 18.344 36) 


5918=PGC 3907. S984=PGC Sols, SMT=PEC ogg 


08 41.28 37.0 
we O4 42.2 SLO 


. Sposh of odserystion, 1S9l4.é 


ZONE CATALOGUE, -2° to +1° 


RA Prec. Decl Prec. and piped phe a oy BD 
No sap cee 1875 Sec. ree 1875 Sec.Var. Epoch No 


tat 8 255 *58 +35. -0672+481 +0°16'25.4 |-12.317 +358 ~f02 +261 34 +0° 3375 
9.0 30 39 4.05) 3.0587 80|+0 43 53.6|] 12.273 358/-.04 -0.1 a1. ; +0 3376 
9.2 29 17 Too faint|-1 53 -1 3070 
8.2 F5|29 37.07| 3.0633 80/40 29 4.5] 12.235 359/+.08 +2.0 31.0 | +0 3377 
920 F8/29 37.64) 3.0595 80/40 41 13.0] 12.234 359|/-.07 -1.2 35.0 | +0 3378 
8.5 K2/29 43.23/+3.1111+88/-2 6 0.8|-12.228+365| .00 -0.1 29 -2 4021 
6.5 F5|30 8.85] 3.0749 82/-0 8 43.6| 12.198 361/-.03 -0.2 37.0 |-0 2988 
8.9 A5|/30 23.80) 5.0692 81/40 9 45.2] 12.181 361/-.03 +0.7 30.9 | +0 3379 
9.2 F8/30 36.17| 3.0772 82/-0 16 2.5] 12.166 362|/-.13 +0.3 30.5 |-0 2989 
8.5 GO|30 53.73) 3.0676 81/40 15 3.4] 12.146 361|/+.13 -1.4 31.0 | +0 3381 
7.8 K2\}31 3.17 |+3.0810+83/-0 28 17.3 |-12.135+363|-.06 +1.1 32.6 |-0 2990 
9.2 F5/31 37.50] 3.0586 79] +0 43 54.8] 12.095 361/-.20 +1.8 37,35/+0 3382 
9.0.K5/32 10.80/ 3.0757 82)/-0 11 17.0| 12.056 364/-.06 -0.3 30.9 |-0 2991 
8.9 G5/ 32 15.81} 3.0979 86|/-1 22 31.5) 12.053 566/+.04 +0.6 31.0 |-1 3074 
8.2 F8|\32 37.83) 3.0704 81/40 6 0.3) 12.024 363|-.36 -1.4 28.6 | +0 3387 
9.35 KO| 32 48.18 |+3.0545+78| +0 56 50.9/-12.013+362| .00 +0.7 31.0 | +1 3109 
8.4 KO|33 4.99) 3.0845 83]-0 39 25.2| 11.993 366/-.09 +1.5 30.9 |-0 2993 
9.2 KO|33 15.74| 3.0816 83)/-0 29 50.6/ 11.981 366/-.01 +1.5 34.6 |-0 2995 
8.9 KO;}33 44.93) 3.1082 87}/-1 55 14.8} 11.946 369/-.11 -1.7 35.0 |;-1 3079 
9.1 33 50.27| 3.1120 88/-2 7 16.2) 11.940 370)-.05 +0.3 29.0 |-2 4031 
8.2 KO|33 59.43|+3.0817+83)/-0 30 19.7 |-11.930+366/+.10 -1.8 31.0 |-0 2997 
9.0 KO|34 0.52] 3.1023 86/-1 36 0.3/ 11.928 369|)+.01 -1.3 33.9 |-1 3080 
8.0 G5|34 54.88) 3.1142 88/-2 13 50.5| 11.864 3571|)-.09 0.0 30,29/-2 4034 
9.2 34 57 Too faint|-2 5 -1 3081 
9.2 35 15.55) 3.0797 82/-0 23 38.0/ 11.840 368/-.02 +0.6 30.6 |-0 2999 
9.4 K2/35 27 Too faint}|-0O 25 -0 3000 
7.6 AO|35 38.66 |+3.0560478/+0 51 34.5/-11.813+365/+.03 +0.5 26.3 | +0 3389 
9.1 F5/35 49.99) 3.1033 86/-1 38 39.8| 11.799 3571/-.05 +1.1 34.0 |-1 3083 
8.4 KO|35 54.73) 3.0913 84}/-1 O 28.1/ 11.794 370)+.02 +0.2 30.9 |-0 3001 
8.8 K2/36 45.82| 3.0975 85/-1 19 55.7| 11.733 371|/-.03 -0.8 33.9 |-1 3085 
8.8 K5|37 5.00|+3.1012+85/-1 31 43.1 |}-11.711+372|-.02 +0.5 32.9 |-1 3086 
8.9 K5/37 32.78) 3.1085 86/-1 54 37.0/ 11.678 374)-.04 +0.6 32.5 |-1 3089 
9.3 K2|37 53.82) 3.0531 78/+1 O 31.9] 11.653 367/+.06 0.0 30.4 | +1 3121 
9.1 G5|\38 24.85) 3.0580 78/+0 45 3.0| 11.616 369/-.01 +1.6 33.8 | +0 3395 
9.0 KO|38 56.48] 3.0913 83/-0 59 49.9) 11.578 375)/-.06 +1.7 34,35|-0 3004 
8.9 K5|39 30.54 /+3.0923+83|/-1 3 9.9/-11.538+374) .00 +0.9 30.9 |-0 3005 
9.0 KO|39 37.24| 3.0645 79/+0 24 16.5| 11.530 371/+.01 +0.8 29.9 | +0 3398 
5.5 BB/39 37.70| 3.0992 84}-1 24 40.2] 11.529 375)-.04 -0.6 29.8 |-1 3092 
8.9 K5|139 44.39| 3.0947 84/-1 10 37.9|/ 11.521 374|-.02 +0.3 25.9 |-1 3093 
8.9 K5/39 48.54| 3.0519 77)/+1 3 48.0|/ 11.516 369|/-.04 +1.5 25.9 | +1 35128 
9.3 39 59.30 |+3.0884+483|-0 50 50.3 /~-11.505+374|-.01 -0.1 33.4 |-0 3006 
8.9 F8/40 11.45| 3.0954 84]-1 12 36.2] 11.489 375} .00 0.0 30.8 |-1 3095 
8.4 K5\40 46.48] 3.1149 86)/-2 13 38.3| 11.447 578/-.09 -0.8 29.3 |-2 4044 
7.5 F5|40 54.11] 3.0700 80/+0 7 10.5] 11.457 575|-.41 -0.4 26.2 | +0 3401 
9.0 G5/40 57.97]| 3.0765 80/-0 13 22.4| 11.433 374/-.09 +2.0 35.1 |-0 5007 
8.6 G5\40 58.09 |+3.0852+82|/-0 40 31.4 |-11.433+3575/-.05 +3.5 30.9 |-O 3008 
8.8 GO|42 1.23] 3.1066 85)/-1 47 0.0] 11.357 3578|-.19 +3.6 32.2 |-1 3100 
7.3 Mal42 26.93] 3.0841 81]-0 36 58.5] 11.326 376/-.10 +0.8 28.5 |-0 3011 
8.5 K5|42 36.57] 3.0608 78/+0 35 41.2] 11.315 373)/-.01 +1.6 54.9 | +0 3405 
9.2 42 37.80| 3.1010 84|-1 29 40.4] 11.3135 378/-.02 +0.5 50.8 |-1 5102 


3957=PGC 3966. 3988=PGC 4008. Epoch of observation, 1914.35 
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15 ene 
AG Magn Prec. and| Decl Prec. and Ee ae ee BD 
No apres 1878 Sec.Var. 1875 Sec.Var. Epoch No 
+3°1032+04|- -11. 3074379 
3.0774 80 11.298 376 
5.0796 81 11.290 376 


3.1106 85 11.240 381 
3.1083 85 11.213 381 
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o's @rr @~.8 
to 
oO 
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rites 
oeeee 


i<3) 


+3.0820+81 
3.0675 78 
5.0833 81 
3.1154 85 
3.1092 84 


+3.0506+76 
5.1021 83 
3.0908 82 
3.0850 81 
5.0870 81 


-11.210+377 
11.185 376 
11.179 378 
11.142 383 
11.089 383 


-11.066+376 
11.061 382 
11.059 381 
11.058 380 
11.020 381 


DBOnNHNO ARMNHNO MOOWNNH HHROXAMNO HLPUORNVYN YARRRPRO NWODOO DOWOO FWONMNWYW OFNO 
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+3.1025+83 -11.015+383 
11.012 381 
10.994 383 
10.974 378 


10.851 380 


e 
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3.0634 77 


+3.1091+83 -10. 841+386 
Double 

3.0829 79 Oe OlmOOe 
3.0839 79 10.741 384 
5.0798 79 10.732 384 


o 6 


cae 


+35.0669477 -10.681+383 
10.645 383 
10.616 382 
10.573 383 
3.0517 74 10.550 3583 


oo @ @ 
4 
& tort 
eo @® @ 
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e e 


+5.0776+78 -10.545+386 
3.0528 74 10.503 384 
3.0624 76 10.483 385 
3.0484 74 10.456 384 
5.0581 75 10.452 385 


U 
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© eee 


+3.0964+80 -~10.421+390 
5.0969 80 10.405 3591 
5.0816 78 10.552 389 
3.1147 82 10.506 394 
5.07355 77 10.505 389 


+3.0983+80 -10.291+392 
10.185 388 
10.169 388 
10.168 390 
10.158 393 
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-10.114+391 
10.041 3592 
10.035 398 
10.031 392 

9.965 397 
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Epoch of observation, 1914.4 


ZONE CATALOGUE, =-2° to +1° 83 . 


AG Prec. Decl Prec. and lashed sek e tee BD 
No specie 1875 Sec. wae 1875 Sec.Var. Epoch No 


+3. "0846477 =8, '940+395 
5.0845 76|- 9.910 395 
5.0865 77 9.906 396 
5.0755 75 9.897 394 
5.0535 72. 9.863 392 


+3.0840+476 ; -9.849+396 
5.0477 72 9.809 392 
5.1120 79 9.784 400 
5.08435 76 9.774 397 
5.0488 72 9.774 392 


+3.0984478 -9.760+399 
3.1149 79 9.740 401 
3.1149 79 9.737 401 
3.0809 75 9.732 397 
3.1077 78 9.725 401 
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ee 
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e 8 
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+3.0783475 -9.712+397 | - 
26| "9.692 397]. 

9.683 401 

9.669 399 

9.631 399 


Sats 


eoeeee 
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-9.599+3597 
9.594 395 
9.587 397 
9.547 402 
9.518 396 


' 
loKo) 
e 
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+3.0763+74 -9.509+399 
3.0944 76 9.508 402 
3.0960 76 9.477 402 
3.0522 71 9.472 396 
3.1054 77 9.451 404 
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+5.11358+78 -9.447+405 
3.0685 73 9.427 399 
5.0554 71 9.423 397 
3.1098 77 9.417 405 
5.0618 72 9.415 3598 


besa 


+3.1053+77 -9.401+404 
5.0739 73 : 9.398 400 
3.0711 73 9.375 400 
5.0778 735 9.3574 401 
3.1025 76 9.368 404 


ee e@ 6 
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Pee 

e e ° e e 
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+3.11359+78 -9.357 +406 
3.0789 73 9.350 401] + 
3.1162 78] -2 9.344 406 
3.0571 71 9.526 399 
5.0999 76 9.270 405 


eee 
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+3.0578471 -9.269+3599 
3.0530 70 9.219 599 
3.0652 71 9.1635 402] - 
3.1131 76 9.129 408 
3.0837 75 9.101 405] - 
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Epoch of observation, 1914.40 
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ac | Magn Prec. Decl |Prec. and nee BC 
No Spectm ie Sec. oe 1875 Sec.Var. Epoch No 


4101 | 9.0 ae "42 +3. 0551470 a ‘0954401 30.4 
4102 | 9.0 KS - 18.66| 3.0888 735 9.080 406 
4103 |9.0 G {12 58.06] 3.0820 72 9.029 405 

4104 |9.0 F8j13 1.02] 3.0806 72 9.025 405 

4105 |9.0 F5/13 56.56|] 5.08635 72 8.953 407 

4106 | 9.0 14 8.21/)|+3.0653+70 -8.937 +404 

4107 | 8.0 K2/14 43.27| 3.0528 69 8.892 403 

4108 | 9.0 GO|14 47.58] 3.1051 74 8.886 410 |- 

4109 |7.8 KO|15 11.41] 3.0644 70 8.855 405 

4010 | 8.7 Kells 27.79) 3.0541-68 8.833 404 

4111 | 8.2 AOJ15 50.53|+3.0556+68 -8.804+404 

4112 | 9.2 15 56.86| 3.06135 69/+0 31 9.6] 8.795 405 

4115 |6.7 B9|16 9.68] 3.1097 74]-1 47 2.4) 8.778 412 

4114 |9.0 KO|16 20.23) 3.0761 70]-0 10 57.6| 8.765 407 

4115 |7.0 A5|16 39.96) 3.0840 71])-0 35 41.6| 8.739 409 

4116 |9.2 16 40.95 |+3.0693+70/+0 8 18.3/-8.737 +407 

4117 |8.5 GO|/16 43.36| 3.0716 70]/+0 1 53.0| 8.734 407 

4118 |8.0 GO|16 44.43] 3.0808 71|-0 24 32.8] 8.733 408 

4119 |8.4 KO|16 46.78| 3.0779 70/-0 16 13.2) 8.730 408 

4120 |9.0 KO|17 4.03] 3.1087 74 8.707 412 

4121 |8.6 F5|17 11.24 /+3.0640+69 -8.698+406 |-.14 +2. 
4122 |8.5 KO|17 13.92| 3.1137 74]-1 58 20.6| 8.694 413] .00 +0. 
4125 |9.1 F2|17 35.48] 3.1150 74/-2 1 56.1] 8.666 4135 |-.06 +0. 
4124 |9.2 F2|17 57.60| 3.1182 74]-2 10 44.8] 8.637 414 |+.06 +0. 
4125 |8.8 K5|18 0.11/ 3.0703 69|/+0 5 39.2] 8.635 408| .00 -0. 
4126 |7.1 9.29 |+3.1186+74 -8.6214414 |-.05 -1. 
4127 |8.0 Mbj18 21.80) 3.1182 74]-2 10 52.1)| 8.605 414 |-.01 -1. 
4128 |9.2 18 22.70| 3.1159 74|-2 4 7.8) 8.604 414 /+.09 -0. 
4129 |9.0 18 47.37 | 3.0606 68/+0 33 9.2| 8.571 407 |-.05 -0. 
4150 |9.2 19 24.02) 3.0511 67140 59 56.8| 8.525 406 14.01 +2. 
4151 |9.0 8.83 |+5.1045+72 -8.464+414 

4132 |8.4 K2/20 12.77 | 3.0499 66]/+1 3 19.6] 8.458 407 |- 

4133 |9.2 20 19.67 | 3.1177 73}-2 8 47.4] 8.449 416 

4134 |9.2 20 35.23| 3.0606 67/+0 33 1.5| 8.429 409 |- 

4135 |9.0 8.84; 3.0561 67 8.384 409 

4156 |9.0 A2 |21 16.11 |+3.0830+69 -8.57444182 |- 

4137 |8.8 KO |j21 17.52]|] 3.0613 67 8.573 409 

4138 |9.0 21°38.65) 3.0999 71 8.345 415 

41359 |9.0 21 59.75| 3.0820 69 8.3517 413 |- 

4140 |8.9 4.28 | 3.1154 72 8.311 417 

4141 |9.0 5.31 |+3.0834+69 -8.509+413 
414e"'6,1 K2 (22°11.92 | 3.0522 66 8.300 409 

4143 |7.2 K5|22 19.01 | 3.0651 67 8.291 411 |- 

4144 |9.0 A3|22 33.46] 3.1048 71 8.272 416 

4145 |8.6 46.87 | 3.0610 67 8.254 410 |- 

4146 |9.3 22 51.22 |+3.0609+67 -8.248+410 

4147 |9.5 £6 26.70 | Ss2055 FL 8.201 417 

4148 |8.0 Mb |23 35.87 | 5.0691 67 8.189 412 

4149 |8.4 F8 |23 36.15] 3.0834 69 8.189 414 

4150 |8.8 15.74 | 3.0697 67 8.136 413 
4142=PGC 4195. Epoch of observation, 1914.38 
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Decl Prec. and fee eer BD 
SE Sec.Var. poch No 


AG Magn Prec. 
No Spectm 1675 Sec. seme 


+3. 1156471 
\3.1000 70 
5.1148 71 
5.1098 71 
5.0674 66 


+3.1021+70 


5.0624 66 
5.0529 65 


+3.0879+68 
5.0531 64 
5.1012 69 
5.0546 64 
3.0938 68 


|+3.1081+69 

3.0920 68 
3.0864 67 
3.0929 68 
3.1147 69 


+5.0908+67 


-e° to +1° 


ee. "1324419 
8.065 417 
8.057 419 
8.054 419 
8.042 413 


-8.012+418 


7.987 413 
7.968 412 


-7.944+417 | - 


7.941 412 
7.935 419 
7.912 413 
7.901 418 


-7.896+420 
7.889 418 
7.888 417 
7.865 418 
7.778 422 


-7.776+419 
7.759 416 


e e ® 


7.734 422)- 
7.711 417 
7.691 423 
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+5.0613+64 
5.0677 64 
3.0756 65 
3.0657 64 
5.1194 68 


-7.614+416 
7.607 417 
7.598 418 
7.562 417 
7.528 425 


+5.0954+66 -7.504+422 
3.0924 66 7.494 422 
3.0849 65 7.478 421)- 
5.1050 67 7.449 424 
3.1069 66 7.352 425 


Double 

+3,0887 +64 -7.2894+423 
3.0559 62 7.270 418 
Se1157 66 7.244 427 
54-1143 66 7.243 427 


fis 


+3.0821+64 -7.228+422 
321140 66 7.2135 427 
3.1061 65 7.187 426 
3.1131 66 7.181 427 
3.0665 62 7.168 421 


e e e e 
i +t 
OF to 
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+3.0555+61 -7.163+419 
3.0654 62 7.148 421 
3.0687 62 7.117 421 
| 3.0842 63 7.085 424 
3.0787 62 7.068 423 
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4153=Bu 13349:9.5,9.5,002. 4175=PGC 4222. Epoch of observation, 1914.35 


86 YALE UNIVERSITY OBSERVATORY 


AG Magn Prec. Decl Prec. and Ene Maer Coase BD 
No Spectm 1978 Sone 1875 Sec.Var. Epoch No 


eueee +3. °0793+62 +06 40.3 34 

9.0 ne 53-0746 62 6.990 423 /-.07 -1.7 30. : 

8.3 K5 5.0806 62 6.976 424|+.01 -0.1 352.6 

8.2 G5 3.0889 63 6.959 425|-.01 -0.6 30.9 

9.0 KO 5.1017 64 6.937 427 |-.05 -0.4 51.0 

7.0 BY +3.0448+59 -6.929+420 |-.07 -0.1 30.8 

8.7 Ke 3.0654 61 6.925 423|-.02 -0.9 30.9 

8.2 F8 5.0839 62 6.914 425/+.17 -3.1 350.4 

9.2 GO 5.0949 63 6.911 427 |-.05 +1.7 350.5 

8.6 G5 3.0456 59 6.895 420 |-.08 +1.9 27.4 

9.0 KO +3.0852+62 -6.8654426 |-.01 +0.4 30.0 

8.5 F8 5.0970 63 6.864 427 |+.05 -1.9 30.4 

9.0 F2 3.0843 62 6.851 426|+.03 -0.8 350,31 
9.0 K2 5.0461 59 6.805 421 /+.01 -0.8 32.6 

9.2 ¥F8 3.0905 62 6.7435 427 |-.17 +0.7 25.9 

9.2 GO +5.1083+63 -6.7504430 |-.12 -1.2 30.9 

9.0 GO 5.0922 61 6.707 428 /-.15 +0.8 350.9 

9.2 GO 5.0886 61 6.692 427 |+.07 +2.4 30.6 

9.1 AS 5.1085 63 6.679 430|-.11 +0.3 30.9 

8.8 G5 3.0674 59 6.633 425/+.14 -0.9 351.0 

8.5 K2|42 56.71 |+35.0691+59 -6.616+425|+.01 -0.8 26.6 

7.5 FO|43 4.05] 3.0477 58 6.606 423/+.01 -1.2 33.9 

8.9 K2|43 24.81] 3.0798 60 6.578 427 |-.02 -1.2 30.9° 
8.9 F5/43 33.72) 3.11235 62 6.565 432 |+.09 -0.5 30.9 

9.0 50950 61 6.555 429/+.07 +0.3 31.0 

8. +3. 0847 +60 -6.487 +428 |-.04 +1.6 351.0 

8.6 AO |44 36.81] 5.0778 59 6.478 428 |-.05 0.0 54,35 
8.7 AO /44 58.81] 5.0609 58 6.448 426 /-.09 +0.8 30.9 

9.0 KO|45 2.21) 5.1105 61 6.443 432 |+.10 -1.1 30.9 

9.0 FS 3.0569 57 6.426 425|-.12 +0.4 28.9 


YVOROO DONAM 
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3.1173 57 5.728 438 


-5.715+428 

5.699 430 
5.694 434 
5.687 437 
5.686 434 


+3.0474+53 
3.0601 54 
3.0855 55 
3.1103 57 
3.0853 55 


oS +3.0979+60 -6.3591+431 /+.01 -0.1 4 
TAO Go OsOorenor 6.307 427 |-.44 -41.0 29,28 
7.4 B8 5.0927 59 6.277 431/-.06 +0.4 31.0 
6.8 FO 3.1034 60 6.222 433/+.09 -2.9 31.0 
One Go De O9OL 0G 6.206 431 |-.07 -0.2 24.4 
8.4 K2 +3.0657 +56 -6.1124428 |-.04 +1.0 32,34 
8.9 G5 5.0934 58 6.077 4355 }+.01 +1.3 31.0 
8.6 F8 S.1155 59 5.997 436 |-.08 +0.7 31.0 
9.0 FO 3.0955 58 5.989 433 |-.04 -0.6 31,32 
OOmAS 3.0954 57 5.898 434/-.01 +0.4 30.9 
9. Too faint 

9.5 F8 + Delee UtoOS -5.820+437 

9.5 -F5 Sal O74 OV 5.811 436 

Vion ox WO SHE 5.790 436 

9. 
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4206=PGC 4260. 4208=Bu 13353:9.0,9.0,02. Epoch of observation, 1914.37 


ZONE CATALOGUE, -2° to +1° 87 
ae 


AG Magn Prec. 
No eee 1818 — tiene 


m 
44, 94 +3.0487453|+ 
51.38} 3.0568 53 
54.38} 3.1103 56 
56.25] 3.0857 55 
$5.89| 5.1198 56], 


2 
to 


-5. 633429 
5.624 430 
5.620 438 
5.617 434|- 
5.564 439 


of Sh 


46.88 | +3.1096+56 
25220 
28.96 
59.42 
17.25 


-5. 546+438 = 
5.495 430 
5.487 432 
5.472 432 
5.419 433 
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58.53 | +3.0549+51 
59.08| 3.1085 54 
54.96} 5.0523 51 

5.78| 3.0884 53 
11.82] 3.0535 51 


-5. 5054432 
5.505 439 
5.282 432 
5.267 437 
5.258 4352 
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-5.170+432 
5.162 442 
5.162 439 
5.160 431 
5.156 440 


14.21 | +3.0537 +50 
19.95| 3.1200 54 
20.235| 35.0968 53 
21.78| 3.0453 50 
24.12| 3.1058 53 


e 

eo. 
q 

° 


eee 

q 

HQOrrO 
e e 


24.31 | +5.0620+51 ~5.1564+434 


2.94 
35.55 
40.74 
135.935 


23.78 
36.78 
20.12 
20.17 
20.41 


43.57 
44.23 
53.04 
55 
15 


22022 


5.0506 50 
3.1120 53 


5.0929 52] 


3.1162 53 


+3.0678+50 
3.0473 49 
3.0696 50 
3.0612 49 
3.0562 49 


+3.0972+51 
3.0858 50 
3.0577 49 
Too faint 
Too faint 


+3.0620+48 


5.102 432 


5.058 441]- 


5.040 439 
5.002 442 


-4. 9884435 
4.969 433 
4.908 436 
4.908 435 


4.907 434 |- 


-4.87 54440 
4.874 439 
4.861 435 


‘|-4.7554+436 


4.732 440 
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e e e cd 
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24.58 | 3.0911 50 
56.51| 3.0863 49 

6.04) 3.0917 49 
20.74| 3.1203 51 


4.687 440 
4.673 440 
4.652 445 


~4.6374436 
4.603 435 
4.599 435 
4.487 442 
4.427 442 


31.28 |+5.0608+48 
55.36| 3.0535 47 
58.24] 3.0533 47 
16.64/| 5.0996 49 
58.75| 5.0935 48 


-4.400+443 
4.324 440|- 
4.210 443 
4.201 444 
4.185 442 


18.09 |+5.0984+48 
12.56) 35,0791 47 
31.44 | 3.0909 46 
38.02} 3.0984 47 
48.83] 3.0866 46 
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4270=PGC 4348. 


4266=Bu 7863:9.1,10.1,1". 
Epoch, 1914.38 


=PGC 4345. 
4264=PGC 434 4297=PGC 4379. 


4274=PGC 4353=Bu 13362:6.7,8.7,0+4. 
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AG Magn RA 
No Spectm 1875 
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4534=PGC 4428. 


4347 =PGC 


YALE UNIVERSITY OBSERVATORY 


Prec. 
Sec. a 


+3. ©1037 447 
3.0465 44 
5.0560 44 
3.0767 45 
3.1057 46 


+5.1166+46 
3.0746 44 
3.0820 44 
5.0842 44 
3.0869 44 


+3.1133+45 
53-0818 44 
3.0899 44 
Too faint 
6.0502 42 


+3.0859+43 
Double 

3.0578 42 
54-0850 43 
5.0848 43 


+3.0655+42 
5.1076 43 
3.0735 41 
3.0723 41 
3.0508 40 


+3.0927 +42 
3.0740 41 
3.0634 41 
5.0757 41 
521090 42 


+3.07 54441 
SeO77 5 41 
3.0620 40 
3.0623 40 
Too faint 


+3.1042+41 
3.0689 40 
5.0485 39 
53-0714 40 
3.07358 40 


+3.0990+40 
3.1196 41 
4.1000 40 
3.1157 41 
5.0938 40 


+3.0685+59 
5.0943 40 
3.0796 39 
3.1213 41 
3.0579 38 


4433=Bu 8038:6.1,6.4,0.6. 


Decl Prec. sand. cgi ica, BD 
1875 sec.Var. Epoch No 


=i 11534445 
4.1358 437 
4.123 438 
4.033 441 
4.005 445 


-3.9744447 
3.950 441 
3.942 442 
3.921 443 
5.909 443 


-3. 887 +447 
5.803 443 
3.801 444 


5.769 439 


-5.711444 


3.678 440 
3.659 444 
3.647 444 


-3.589+441 
3.527 448 
5.498 443 
32470 443 
3.468 440 


-5.464+446 
3.452 443 
3.445 442 
5.419 443 
5.409 448 


-5.407 +443 
5.556 444 
3.275 442 
Se271 442 


-3.245+448 
3.244 443 
3.236 440 
5.254 443 
3.212 444 


-~3.201+447 
3.186 451 
3.183 448 
3.1735 450 
5.168 447 


Epoch of observation, 1914.41 


ZONE CATALOGUE, -2° to +1° 89 


BD Magn Prec. Decl Prec. and pas oo pee BD 
No Spectm ies Sec. voces 1875 Sec.Var. Epoch No 


+3, 70442438 
3.0780 39 
‘3.0691 38 
°3.0578 38 
5.0822 38 
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5.002 444 
5.002 442 
2.956 446 
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-2.904+451 
2.887 444 
2.859 447 
2.844 451 
2.792 450 


+5.1180+39 
5.0678 37 
3.0885 38 
5.1162 38 
3.1108 38 


° 


aed weed AI SUS 9] 
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-2.788+448 
2.759 445 
2.756 450] - 
2.733 447 
2.662 442 


+3.0969+38 
5.0703 37 
3.1074 38 
5.0841 37 
5204735 35 


6.6) 6 he 56 
tt 6 i] 
Onoo0 LfOMOrF OOF 
e 


+3.1212437 -2.611+453 
3.0480 35}. 22582 442] - 
5.1136 37 2.578 451 
5.0944 36 2.521 449 
5.1084 36 2.511 451 


eee 
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+3.0971+35 224624449 
53.1018 35 2.435 450 
3.0939 35 22408 449] - 
3.0574 34 2.594 444 


t t] 
Sonn 
ee e 


e 8 »* 
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+3.1012+35 
3.0642 34 
3.0854 34 
5.05350 33 
3.1205 35 


+35.0988+354 
5.0937 34 
5.0888 34 
3.1150 34 
5.1031 34 


+35.0696435 


3.0864 33] 


301146 34 
3.1204 33 
3.0558 32 


+3.0460+31 
3.1171 33 
5.1129 32 
3.0627 31 


“26 3404450 
2.529 445 
2-511 448 


2.506 443)- 


2.297 453 


-2.2644450 
22265 449 
2.255 448 
20219 452 
2.216 451 


-221744446 
2.164 448 
2.162 452 
2.071 454 
2.053 444 


1.996 453 
1.964 453 
1.941 445 
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321192 32 1.928 454 


° 
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+3.1114+32 -1. 9044453] - 
3.0741 31 1.884 447 
3.1055 32 1.860 452 
3.0810 31 1.843 448 
3.0519 31 1.842 444 


4378=Bu 3100:7.6,7.6,0.4. 
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4365=Bu 8075:9.0,9.0,2.5. Epoch, 1914.42 
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AG Magn Prec. Decl Prec. and aed sass BD 
No spec tn 1978 Sec. Pail 1875 Sec.Var. elastic No 


+3. -0693+31| +0 aT ‘827 +446 
5.0978 31 1.766 451 
35.0468 30 ° 1.742 443 
5.0993 31 e 1.7351 451 
3.1111 31]- ° 1.712 453] - 


@ 
~o 


+3.0952+30 -9|-1.688+451 
5.0969 30 ° 1.672 451 
3.1008 30 ° 1.669 451 
3.1064 30 1.649 452 
3.1177 30] -: ° 1.611 454 


ee ee 
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+3.1081+30 -1.590+453 
3.0948 30 ° 1.589 451 
3.1133 30 1.588 453 
5.0581 29 1.575 445 
3.0469 29 ° 1.570 444 


SL358 


+5.1223+30 -1. 564+455 
5.0442 29 ° 1.540 443 
5.1147 30 ° 1.538 454 
5.06435 29 ° 1.491 446 
5.0613 28 15. 1.485 446 
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+3.0502+28 7 |-1.468+444 
5.0890 29 ° 1.466 450 
5.1090 29 ° 1.450 453 
5.0594 28 1.436 446 
3.0871 28 . 1.423 450 
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+3.0841+28 o1l|-1.314+449 
5.0981 28 ° 1.310 451 
5.0569 27 ° 1.300 445 
5.1002 27 1.265 452 
3.0459 27 ° 1.254 444 
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+3.0456+27 09/-1.247+444 
5.1048 27 e6| 1.253 453 
3.1067 27 ° 1.216 453 
520745 27 e 1.212 448 
5.0724 27 e 1.184 448 
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+3.0656+26 0 3|-1.175+447 
5.0456 26 ° 1.156 444 
3.1200 27 ° 1.152 455 
3.0946 27 ° 1.150 451 
5.0922 26 ° 1.091 451 


of S5é 


+3.0577 +26 -8|-1.087 +446 
5.0570 26 ° 1.086 446 
53.1095 26 ° 1.086 453 
3.0555 26 ° 1.074 446 
5.1120 26 ° 0.991 454 


55050 


+5.0770+25 -0.991+449 
3.0561 25 ° 0.964 446 
5.0608 25 ° 0.930 446 
5.0923 25 e 0.917 451 
3.1046 25 ° 0.905 453 
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4418=Bu 8172:9.5,9.6,0.7. Epoch of observation, 1914.43 


ean ZONE CATALOGUE, -2° to +1° 91 
17° -18 


AG Magn RA Prec. and Decl Prec. and ile asd taeltet d BD 
No Soest 1875 |, Sec.Var. 1875 Sec.Var. Epoch No 

m 8 8 

49 ° +3.1061+25] - -0. "891453 

5.0540 25 0.881 445 
3.0561 25 0.880 446 


3.1042 25 0.862 453 
5.0703 24 0.816 448 
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+35.0417 +22 
3.1220 22 
5.0688 21 
3.0518 21 
3.0698 21 


+3.1054+21 
3.1070 21 
3.0829 21 
3.0458 21 
3.1094 20 


+3.1130+20 
3.0527 20 
3.1125 19 
3.1183 19 


3.0456 20}. 


+3.0729419 
3.1063 19 
3.0808 19 
3.0828 19 
3.0456 19 


+3.0994+419 
Saltese Lo 
OeOLse 9, 
3.1138 18 
Too faint 


+3.1203+18 
3.0909 18 
3.1201 18 
3.0699 18 
3.1072 18 


4451, composite spectrum, F5 and Az. 
4471=PGC 4552. 


-0.402+444 
0.400 455 
0.370 448 


0.369 445) + 


0.361 448 


-0.522+453 
0.320 453 
0.298 450 
0.276 444 


0.219 453) - 


-0.147 +454 
0.143 445 
0.090 454 
0.084 455 


0.082 444) - 


-0.076+448 
0.056 453 
0.029 449 
0.026 450 
0.015 444 


-0.001+452 
+0.040 455 
0.042 452 


0.054 454| - 


+0.0607+455 
0.135 451 
0.144 455 
0.180 448 
0.181 453 


4453=PGC 4527. 
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4455=Bu 8241:7.2,7.4,1" 
Epoch of observation, 1914.42 
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AG Magn Prec. Decl Prec. and athe if eae fd 
No Spestn 1979 Sec. neoe 1875 Sec.Var. 8 Epoch 


4501 |8.5 K2| 2” +3°05594181+0°42' 0.9/40.196+446 9 
4502 18.9 3 3.0803 17} -< 0.272 449 4 
4503 18.0 3 3.0635 17 0.274 447 3 
4504 18.9 3 3.0991 17 0.283 452 4 
14505 |9.0 3 3.0535 17 0.290 445 8 
4506 19.2 3 +3.0630417 +0.2974447 +122 
4507 |7.8 4 3.0601 17 0.352 446 +0.6 
4508 |9.4 4 3.1137 16 0.355 454 +1.4 
4509 |9.2 4 3.0542 17 0.356 445 40.6 
4510 19.0 4 3.0796 17 0.356 449 40.7 
4511 |9.1 4 +3.0597 +17 40.375+446 -0.4 
4512 19.2 GO| 4 3.0612 17 0.399 446 40.4 
4513 |9.0 4 3.0729 16 0.402 448 -0.2 
4514 |7.8 4 3.0882 16 0.423 450]/-.05 -2.1 
4515 |9.0 5 3.1164 16 0.438 454 216 
4516 |8.7 5 +3.0468+416| 40.450+444 40.3 
4517 |9.2 5 3.0539 16 0.467 445 -0.2 
4518 |9.0 5 3.0700 16 0.470 447 +0.9 
4519 |9.1 5 3.1222 15 0.502 455 +1.8 
4520 18.9 6 3.0907 15 0.567 450 tt 
4521 |7.6 6 +3.1131415 +0. 593+454 ~0.5 
4522 |9.4 6 3.0907 15 0.606 450 -5.8 
4523 |8.0 7 3.0570 15 0.643 445 #163 
4524 | 9.0 ” 3.0709 15 0.656 447 -2.0 
4525 |9.0 7 3.0683 15 0.667 447 -0.8 
4526 |9.0 7 +3,0619+15 40, 6744446 -0.8 
4527 |9.0 8 3.0635 15 0.704 446 36.35 
4528*| 8.2 8 3.0689 14 0.714 447 “1.7 
4529 18.8 8 3.0463 14 0.754 444 +0.9 
4530 | 8.6 9 3.0681 14 0.799 447 -0.4 
4531 |9.1 +3.0956413 4+0.8844451 +0.9 
4532 | 9.1 3.1157 12 0.934 453 +1.0 
4533 |7.0 3.0498 13 0.938 444 +0.2 
4534 |8.9 3.1017 12 0.958 451 =1.0 
4535 | 9.0 3.1194 12]: 0.980 454 +1.0 
4536 |7.5 +3.1074412 +0. 9834452 -2.5 
4537 | 8.0 3.1207 12 1.008 454 a6 
4538 |7.6 3.1043 12 1.017 452 otsé 
4539 |9.3 3.0534 13 1.028 444 =2,0 
4540 | 8.8 3.0934 12 1.043 450 2.1 
4541 |8.5 +3.1180+11 +1.051+454 6 
4542 |8.9 3.0558 12 1.075 445/-.08 -1.2 
4543 |8.8 3.0889 12 1.094 449 -0.5 
4544 18.2 3.0538 12 1.143 444 2028 
4545 | 9.0 3.1186 11 1.168 454 +2.0 
4546 | 9.3 +3.0904411 $1.2234449 4156 
4547 | 8.5 3.0835 11 1.254 448 20a 
4548 | 9.0 3.0918 10 1.295 449 +0.7 
4549 | 9.1 3.1092 10 1.323 452 9 

8.9 5 


-6 
2 


3.1207 10 1.323 454 


e e 
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4528=Bu 8433:8.8,9.1,0°3. 
Epochs; stars 4501 to 4540, 1914.42; stars 4541 to 4550, 1914.48 


ZONE CATALOGUE, -2° 


to +1° 
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AG Magn RA PR eCr Decl Prec. and Tre ae geen BD 
No Spectm eee Sec. ae 1875 eee Ss Epoch No 
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rs 


5|15 26. “10 +3. "0476411 3/29, "7 
5.0699 10 
3.1016 9 
5.0491 10 
3.0910 10 
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+3.0757+10 
5.0670 10 
3.1080 9 
3.1124 
5.0657 
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+3.1004+ 
3.1210 
5.0549 
3.0737 
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+5.0984+ 
421105 
3.0731 
520963 
521173 
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5.1098 
5.0729 
5.1036 


7 
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8. 
6 
9 
9 
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+3.0920+ 
5.0928 
5.1129 


ie "3504443 
1.577 446 
1.593 451 
1.599 443 
1.400 449 


+1.403+447 | + 


1.405 446 
1.427 452 
1.449 452 
1.494 445 


+1.518+450 
1,523, 453 
1.556 444 
1.541 446 
1.565 445 


+1. 568+450 
1.571 452 
1.583 446 
1.588 449 
1.593 453 


4+1.607+453 


1.615 452 
1.620 451 
1.623 446 
1.646 450 


+1.664+449 
1.685 449 
1.709 452 
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9 
9 
8 
4 320557 1.721 443 +0. 
8 3.0782 1.764 446 -0. 
962 +35.0762+ +1.779+446 +0. 
8.8 3.1081 1.808 451 +0. 
var 5.0694 1.819 445 +0. 
9.0 3.0480 1.823 442 +0. 
8.8 301152 1.858 452 -l. 
8.0 +3.0693+ 7 +1.8735+445 -1.7 
8.6 5.0994 6 1.875 449] - -0.3 
8.1 5.0555 7 1.941 443 -0.8 
Jel 5.1023 5 1.975 449 +0.7 
oi 3.0639 6 1.985 444 +0.9 
8.8 +5.0926+ 6 +1.993+448 -1.3 
8.4 53-0666 6 1.999 444 -1.3 
8.4 3.1006 5 2.014 449 +17 
6.0 $.1202 5 2.025 452 1.6 
9.0 3.0669 6 2.040 444 Ae 
8.4 +3.1162+ 5 | 4+2.0404451 8 
8.2 3.0467 6 2.063 441 0) 
9.5 3.0554 6 2.075 442 4 
9.0 Se-1179. 4 2.096 451 9 
922 3.0458 6 2.102 441 ag 
4572=Bu 8535:7.2,744,0006 4583=PGC 4667, composite spectrum, AO and G. 
4579=Bu 8543:8.3,8.5,005. 4597=Bu 8594:8.4,10.0,7", separated on plates. 


4594=PGC 4678. Epoch of observation, 1914.48 
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AG Prec. Decl Prec. and ee ae BD 
No spette 1875 caiece 1875 Sec.Var. Epoch No 


4601" |9. gl2a™ 45e6 | 430057646 $2°104443 ae ke. 
4602 aE = 24 13.84] 3.0654 6 2.116 444 +0.9 
4603 |8.6 F2/24 32.21| 3.0643 5 2.143 443 +2.8 
4604 (8.0 KO|24 47.82] 3.0845 5 2.166 446 =1.0 
4605 |7.0 B8\24 56.35] 3.0854 5 2.178 446 +0.5 
4606 |7.8 F2|\24 59.82/+3.11214 +2.183+450 -1.5 

4607 |8.5 K2\25 0.70] 3.0808 5 2.184 446 —ie 
4609* 6.5 A2/25 29.76] 3.0975 4 2.226 448 +0.8 
4610 8.5 F5/26 18.44) 3.0609 5 2.297 442 +0.6 
4611 (8.6 F5/26 21.17 |+3.1214+3 +2. 3014451 +0.6 

4612 (8.8 AO|26 24.94| 3.1194 3 2.306 451 “1.1 
4613 [8.9 K2/26 30.19] 3.0820 4 2.314 445 -0.5 
4614 (8.0 AO/26 40.28| 3.1082 3 2.329 449 -0.3 
4615 |9.0 AO/26 43.55| 3.1167 3 2.333 450 -1.0 
4616 (9.2 F826 45.74 /+35.0959+3 +2. 3364447 -0.6 

4617 (8.8 K5\27 39.29] 3.1218 2 2.414 451 -0.5 
4618 8.6 F8/27 53.95] 3.0900 3 2.435 446 -0.4 

4619 |8.5 FO|28 14.67] 3.1187 2 2.465 450 +0.5 
4620 (9.1 F5/28 17.27| 3.0889 3 2.469 446 -0.9 
4621 (8.2 B5|28 44.02 |+3.0735+3 +2. 50844 -1.7 

4622 (9.0 K2/29 40.61} 3.0823 & 2.590 445 +1.0 
4625 9.0 AO 29 46.27] 3.1055 1 2.598 448 +0.8 
4624 9.5 F8/30 5.83| 3.0878 2 2.626 445 +2.3 
4625 |9.0 F2/30 7.54| 3.1198 0 2.629 450 -0.8 

4626 (9.2 F8/30 16.72 |+3.0860+2 +2. 6424445 -0.2 

4627 |7.0 F8/30 47.79| 3.0527 2 2.687 440 +1.7 

4628 8.9 K5/30 48.86| 3.0959 1 2.688 446 -2.7 
4629* 6.0 AO/31 10.68/ 3.0818 1 2.720 444 =3.8 

4630 8.9 A5 31 15.70| 3.0552 2 2.724 440 +0.2 
4631 (8.8 AO/31 28.65 /+3.1167 0 +2.7464449 +0.6 37.8 
4632 8.2 B5/31 31 Double 

4633 |9.0 F8/31 34.32) 3.0540+2 2.754 440 -1.0 34.4 
4634 |8.1 G5/31 48.31/ 3.0655+1 2.774 442 +0.7 34.0 
4635 |6.5 F2/31 51.66/ 3.1004 0 2.779 447 -1.6 34.6 
4637 |8.0 F5\32 10.73| 3.072141 2.807 442 +1.4 34.0 
4638 |9.1 G5 32 16.04] 3.0503+2 | 2.814 439 -3.1 36.9 
4639 |8.9 B9/32 39.94] 3.1001 0 2.849 446 -1.0 34.0 
4640 |7.5 KO|32 43.66) 3.1198-1 2.854 449 +0.2 28.2 
4641 (8.2 GO 32 45.87 |+3.0723+1 +2.857 +442 -0.4 31.0 
4642 |9.0 KO | 32 56.98/| 3.067041 2.873 441 -0.5 37.9 
4643 |8.0 KO|/33 16.47/| 3.0714 0 2.901 442 +1.4 37.8 
4644 |8.4 Az 33 21.99| 3. 2.909 447 +0.3 37.4 
4645 |7.9 F2/33-43.69| 3.04 2.941 438 -0.1 34.9 

| 

4646 |8.9 F2/33 56.68 +2. 959445 =r i) 
4647 |9.0 K2/34 20.60 2.994 448 1.3 9 
4648 |8.8 B8/34 23.84 2.999 439 +0.1 

4649 |8.2 A3|34 46.81 3.032 448 ~1.8 
4650 |7.6 K2/35 3.99 3.057 440 whch 


4601=Bu 8596:9.4,11.4,6", separated on plates. 4609=PGC 4695. 4629=PGC 4719, 
Epoch of observation, 1914.47 
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AG. Magn Prec. Decl Prec. and Pho to-Wtoola jon BD 
No spestn 1678 seni Vars 1875 Sec.Var. Epoch No 


8 
+35.0690-1 g'27. °2 +3. "0584441 


4651 19.5 4 41.6 
4652 |9.1 3.1050 2 3.106 446 -1.0 
4653 |7.8 3.0977 2 3.110 445] - 2.4 
4654 (8.5 3.0714 1 | 3.128 441 O.7 
4655 |9.0 3.0464 0 3.129 438 0.9 
4656 |8.2 +3,1051-2 +3.140+446 2.1 
4657 |8.7 3.1202 3 -0.4 
4658 |8.5 3.0970 3 +0.3 
4659 |8.0 3.1130 3 +0.1 
4660 |9.0 3.0880 2 3.222 443 +0.1 
a 
4661 |7.2 +3.1110-3 +3.2364446 -0.7 
4662 |9.0 3.0805 2 3.250 442 =1,1 
4663 |8.9 3.1115 3 3.262 446 -0.6 
4664*| 8.1 3.0802 2 3.265 442 -0.3 
4665 |8.2 3.1109 4 3.287 446 ~2.5 
4666 |9.2 +3.1140-4 +3. 3174446 =O «4 
4667 |8.8 3.1163 4 3.321 447| - =~3e7 
4668 |8.4 3.0714 2 3.325 440 +0.1 
4669 |9.2 3.0851 3 3.352 442 +2.4 
| 4670 |7.2 3.0837 3 3.354 442 -0.2 
4671 |8.6 +3.0998-4 +3. 3804444 267 
4672 |9.0 3.1206 5 3.417 447 3.0 
4673 |8.5 3.0813 3 3.424 441 Onl 
| 4674 |9.1 3.0810 3 3.449 441 
4675 |8.9 3.0909 4 3.483 442 
4676 |6.2 
4677 |8.0 
4678 |8.8 +3.0553-3 +3,4944+437 
4679 |9.0 3.1217 6 3.508 447 
4680 |8.4 3.0808 4 3.597 440 3 
4681 |9.2 4+3.0739-4 +3.6044+439 -0.6 
4682 |9.4 3.0731 4 3.605 439 +0.1 
4683 |8.9 3.0847 5 3.648 441 +0.8 
4684 |9.4 3.0762 5 3.673 439 2.2 
4685 |8.5 3.0634 4 3.680 438] + -0.3 
4686 |9.2 +3.0725-5 +3.7044439 -1.2 
4687 |8.9 3.0684 4 3.710 438 +0.6 
4688 |8.0 3.0979 6 3.724 442 ~1.4 
4689 |8.6 3.0845 5 3.733 440 0.0 
4690 |8.2 3.0755 5 3.736 439 =-0.5 
4691 |6.5 +3.0563-4 +3.7624436 -1.5 
4692 |9.2 3.0632 5 3.788 437 -1.0 
4693 |9.0 3.0758 5 3.809 439 -0.3 
4694 |8.8 3.0737 5 3.821 438 0.1 
4695 |9.1 3.1172 8 3.845 444 +0.7 
4696 |8.7 +3.0838-6 +3.846+440 =O03 
4697 |9.0 3.0883 6 3.860 440 -0.5 
4698 |8.6 3.0699 6 3.880 438 1.4 
4699 |9.2 3.0768 6 3.883 438 ~0.1 
4700* |9.0 3.0895 7 3.895 440 -0.3 


4664=Bu 13428:8.7,9.1,0+2. 4700=Bu 13434:9.7,9.8,0-2. Epoch, 1914.5 
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AG Magn Prece 
No | Spectm a 5 sec ge 


53s @95 +3. 0565- 
$.1112 
3.1210 
3.0995 
35.1159 
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3. 920 443 
5.924 445 
5.928 442 
3.929 444 


+35.0623- 
3.0631 
3.0806 
3.0745 
3.1145 


+3.935+4356 
5.940 436 
3.972 439 
4.049 437 
4.068 443 
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+4.091+439 
4.093 435 
4.113 443 
4.138 441 
4.148 442 


+3.0887— 
3.0558 
4.1146 
3.1056 
3.1110 
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+5.1188-10 
5.0997 9 
3.1054 9 
3.0926 9 
3.0485 7 
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+4.148+4443 
4.168 440 
4.180 441 
4.187 439 
4.212 433 
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+5.0502- 7 +4.2174433 
3.1186 10 4.220 443 
5.0698 8 4.288 455 
3.0680 8 4.288 435 
5.0926 9 4.290 439 
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+3.0888- 9 +4.5184438 
3.0942 10 4.528 439 |- 
5.1169 11 4.551 442 
3.0624 8 4.536 434 
3.0538 8 4.549 433 
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+35.0959-10 +4.3794438 
3.0628 8 4.380 4354 
5.0948 10 4.421 438 
3.0879 10 4.441 437 
5.0482 8 4.454 432 
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+3.1201-12 
3.0763 10 
5.1121 12 
3.0803 10 
5.0488 8 


+5.1126-12 
3.0874 11 
3.1071 12 
3.1151 13 
3.1183 13 


+4.457+442 


4.508 435 |- 


4.516 440 
4.517 436 
4.518 431 


+4.532+440 
4.556 437 
4.582 439 
4.592 440 
4,595 441 
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+3.0905-11 +4.6654+436 
3.0526 9 4.702 431 
3.1160 13 4.704 440 
3.0813 11 4.705 435 
3.0865 12 4.709 436 


4717=Bu 13436:9.3,10.4,124. 
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4726=Bu 8911:9.5,9.9,1". Epoch, 1914.5 


AG 
No Sassen 1978 
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47 56=PGC 
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Prec. Decl Pee and ree Pad chad BD 
po vescs 1875 Sec.Var. Epoch No 


+4.760+439 
4.775 430 
4.784 440 
4.822 431 
4.874 432 


+3. 71156- 14 
5.0470 10 
$.1201 14 
5.0604 11 
3.0660 11 


+5.0923-13 
3.0924 13 
3.0645 11 
3.0633 11 
3.0777 12 


+3.1032-14 


+3.0831-13 
5.0469 11 
5.0458 11 
5.0711 13 
5.0902 14 


+3.0976-15 
5.1106 15 
3.0895 14 
5.0875 14 
5.0919 15 


+3.0954-15 


3.1157 16] 


$.0993 15 
3.1017 15 
3.1069 16 


+3.1156-17 
foo faint 


5.0621 13]- 


3.1019 16 
3.1158 17 


+3.1057-16|- 


+3.04635-13 
3.1151 18 
3.0490 13 
3.0560 14 
5.0489 14 


+3. 0832-16 
3.0863 16 
5.0894 16 
3.1008 17 
3.0866 16 


KP EPR oF 


+4.877+435 
4.879 435 
4.888 431 
4.9352 431]- 
4.954 433 


+4.961+436 
4.966 438 
4.969 4350 
4.983 435 
5.005 434 


+5.010+433 
5.047 428 
5.058 428 
5.066 4351 
5.070 434 


+5.090+435 
5.092 437 
5.100 434 
5.115 433 
5.146 434 


+5.1587434 
5.162 437 |: 
5.167 435 
5.172 435 
5.200 455 


+5.2294436 
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© KRKWBOOH Wor 


@ 


5.256 429 
5.2735 4354 
5.289 436 


(+5.2997455 
5.308 427 
5.314 426 
5.515 434 
5.549 426 


+5.417+425 


5.425 435 
5.446 426 
5.466 426 
5.473 425 


+5.4784430 
5.480 431 
5.487 431 
5.501 433 
5.503 431 


4757=Bu 8986:8.9,10.8,1". 


4796=Bu 


Epoch of observation, 1914.47 


+ 1 ¢ 
mOS5o 
ee 


tt +8 4 i] 
eee 


has 


13446:9.3,10.7,0°4. 


98 YALE UNIVERSITY OBSERVATORY 


AG Prec. Decl Prec. and Sipe the se BD 
No scene 1878 Sec. oe 1875 a Var. Epoch No 


divtsher:* 3 =a6s °51 +3. 0558- 14 3'54.5/+5, "5074426 06 40.2 
9.0 Fg 4 5.59] 3.0544 14 5.535 426|/+.09 40.6 
7.9 K5| 4 8.32] 3.0924 17 5.539 431/+.11 -1.5 
8.8 F5| 4 10.65) 3.0613 15 5.6543 427/+.01 +#0.4 
8.9 B9|} 4 57.59) 3.0608 15 5.608 426|+.07 -0.8 
8.8 KO} 5 10.69| +3.0784-16 +5. 62747428] +.02 -0.2 
8.8 B8| 5 42.72 5.671 425|+.09 +0.8 
8.8 G5; 5 54.14 5.687 427/+.18 -1.3 
8.9 AO} 6 2.02 5.698 423/+.09 40.6 
9.1 BB} 6 52.71 5.769 426|+.01 +0.5 
8.7 B9| 7 18.16 +5.8054453/ -.06 +1.1 
8.8 F8| 7 30.76 5.823 432|-.02 -0.6 
8.6 GO| 7 31.47] 3.0746 17 5.823 427|/+.09 -0.7 
8.4 G5| 7 34.48] 35.0742 17 5.828 426) +.05 -0.1 
9.0 G5} 7 3.1150 20 5.832 432) +.15 -2.0 
7.5 K2| 7 50.37| +3.1024-20 +5.850+430|+.05 -0.6 
9.2 GO| 7 56.50] 3.0703 17 5.858 426|-.04 -0.7 
Sak 7 57.53) 5.0711 17 5.860 426/-.03 +0.4 
9.2 8 0.83] 3.0466 16 5.864 422)/-.02 +0.1 
9.1 GO| 8 3.74) 3.0572 16 5.869 424/-.035 +1.6 
9.0 B9| 8 6.53] +3.1061-20 +5.8724431/+.01 -0.9 
8.8 F5| 9 26.13) 3.1157 21 5.983 431) +.14 -0.4 
9.4 F8} 9 51.17} 3.0780 19 6.018 426|+.07 -0.6 
7.7 KO|10 3.0606 18 6.092 423|+.01 -0.5 
7.8 K2 3.0661 18 6.097 423/-.02 +0.1 
8.5 B3/10 53.26] +3.0536-17 +6.1044422/+.02 +1.7 
9.1 G5}/11 3.02) 3.0494 17 6.118 421)-.05 -0.8 
8.8 K2}11 6.35] 3.1034 21 6.1235 428/-.01 -0.5 
9.2 B8/11 23.29| 3.0636 18 6.146 423/+.04 +0.7 
8.8 F2 +3.0785-19 +6.1484425/+.01 -1.5 
vot oO 5.0981 21 6.156 427)/+.05 -2.1 
8.6 Ke 3.0996 21 6.1635 427|+.04 -0.8 
7.3 FO 5.0679 19 6.208 423/+.05 -0.4 
5.5 KO 3.0532 18 6.212 421|+.04 +1.0 
9.1 G5 +3.1191-23 +6.215+430/-.04 +0.9 
8.8 BY 3.1123 22 6.218 429/-.03 -1.3 
7.2 KO 3.0697 19 6.235 423/+.04 -0.1 
9.0 Az 3.0554 18 6.247 421)+.04 +0.1 
8.8 BS 3.0658 19 6.250 422] .00 +0.6 
9.0 KO +3.0886-21 +6.289+425|-.02 -0.8 
8.8 BY 3.0784 20 6.305 424|-.03 -1.5 
8.9 B8 3.1127 23 6.330 428] .00 -1.4 
9.0 Fe 5.0965 22 6.533 426) +.03 -0.3 
9.0 AO 5.1030 23 6.556 427] .00 +0.7 
9.0 K2 +3.0895-21 +6.5584425/+.01 -1 
9.0 GO 5.0566 19 6.559 420/-.05 +1 
Too F2 5.1064 235 6.361 427 +0 
9.0 FO 5.0502 18 6.370 419 

6.3 5.0971 22 6.375 426 


4835=PGC 4916. 4838=PGC 4919. 4850=PGC 4928. Epoch of observation, 1914.47 


ZONE CATALOGUE, -2° to +1° 99 


AG Prec. Deel Prec. and eee a ted BD 

No ee 1978 Sec. vee 1875 Sec.Var. Epoch No 
+3. *0629-20| +0 524. 9 |+6. 3794421 
3.1155 24 6.392 428 
3.0572 19 6.410 420 


3.10354 23] -1 ° 6.417 426 
5.0754 21 ° 6.446 422 


wo 
e 
fo) 


+3.07635-21 02 |+6.453+422 
3.0676 20 ° 6.464 421 
3.1181 24 6.470 428 
3.1048 24 ° 6.495 426 

6.523 422 


oee¢e @ 
LOOOOO DARDHLR DADMNOCOMD HFFWOOM ANNNWO HFPAMONH DOWHKH FPWOWOD CDO0O00O ODNN® 
+ 


+6.525+421 
6.528 420 
6.541 419 
6.549 422 
5.1165 25 ° 6.553 427 


HOrPONM NWWUNN® Horo 


+3.1164-25 e7 |+6.5684427 
5.0736 21 e 6.573 421 
3.1076 24 ° 6.616 425 
5.0894 23 6.619 423 
3.1186 26 6.677 426 


( 
NrOO 
e 


+3.1171-26 ; +6.690+426| - 

3.1076 25 6.750 424 
6.753 422 
6.787 419 
6.798 425|- 


eee 
thot 
rROOS 
e 


+6.822+421 
5.0832 24 6.846 420 
320798 23 ° 6.849 419] - 
5.0699 23 ° 6.852 418 
3.0703 23 . 6.869 418 


Sounds 


+3.0959-25 8 |+6.876+421 
5.0895 25 ° 6.895 420 
3.07353 23 ° 6.897 418 
3.0976 25 e 6.902 421] - 
3.0848 24 ° 6.951 419 


oe e 
ar) 


+35.0947-25 o7 |+6.9554420] - 
3.0876 25 6.974 419 
53.0796 24 ° 6.978 418 
3.1070 27 . 6.988 422) - 
5.0895 25 ° 6.995 419 


+3.1016-26 +6.995+421 
3.0869 25 ° 6.996 419 
3.0819 24 ° 7.017 418 
3.0689 235 7.050 416 
3.0891 25 e 7.033 419 


+ 


t 
OO0ONnNO0 COFFS 


ee 
§ 
eee 
AQnNofreoa DBoOr-HW 


+35.0915-25 °7 |+7.045+419 
3.1080 27 ° 7.092 421 
3.0724 24 ° 7.097 416 
3.0806 25 ° 7117 417 
3.0876 26 ° 7.158 418 
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4857, composite spectrum, F5 and A5. 4860=PGC 4937. 4880=PGC 4962. 
Epoch of observation, 1914.48 
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8 
2 
2 
9 
8 
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8 
9 
8 
9 
8 
8. 
8 
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4928=PGC 5004. 


42.75 
52.63 

4.68 
45.86 


0.27 
1.50 
15. 34 
26.61 
50.44 


47.55 
16.45 
31.45 
46.00 
57.93 


9.89 
56.19 
1.47 
1.95 
55.69 


51.24 
10.57 
20.17 
26.41 
36.45 


57.11 
41.71 
15.30 
aM) 

24.74 


30. 64 
56.56 
51.53 
51.73 
0.04 


6.635 
8.57 
12.96 
16.55 
47.17 


52691 
57.03 
57. 94 
8.26 
10.26 


24.19 
53.87 
54.82 
37.81 

2.352 


YALE UNIVERSITY OBSERVATORY 


Prec. 
—— roe 


+96 -0812- 25 
5.0509 23 
3.0706 24 
5.1156 28 
3.0983 27 


+3.0745-25 
5.0961 27 
3.1060 28 
5.0664 25 
3.11352 29 


+5.1092-29 
3.0928 27 
3.0998 28 
3.0961 28 
3.0685 25 


+5.0842-27 
3.0704 26 
3.0858 28 
5.1101 30 
5.0646 26 


+3.1102-350 
3.1142 31 
3.0831 28 
5.1128 31 
3.0759 27 


+3.0728-27 
3.0641 26 
ae LORIE) EO) 
Too faint 
5.0872 29 


+5.0755-28 
3.0752 28 
3.0888 29 
53.0743 28 
5.11357 32 


+3.1005-30 
3.0810 28 
5.0911 29 
3.0946 30 
5.0888 29 


+5.1059-31 
3.0981 30 
3.0709 28 
3.1054 31 
3.0925 30 


+3.06535-27 
3.1061 32 
5.1098 32 
3.0851 30 
3.0834 30 


7.165 412 
7.177 415 
7.193 421 
7.249 418 


+7.269+415 
Tesi 413 
7.289 419 
7.305 A215 
7.310 420 


+7. 33354419 
7.572 416 
7.392 417 
7.412 416 
7.428 413 


+7 24454414 
7.507 412 
7.514 414 
7.515 417 
7.561 411 


+7 .582+417 
7.608 417 
7.621 413 
7.629 417 
7.6435 411 


+7 .644+411 
7.650 410 
7.695 415 


7.708 412 


+7..716+411 }- 


7.724 411 
7.744 412 
7.744 410 
7.755 415 


+7.764+414 
7.767 411 
7.772 412 
Wall (oie 
7.819 411 


+7.826+414 
7.852 412 
7.833 409 
7.847 413 


7.850 412)- 


+7.868+408 
7.908 413 
7.909 413 
7.967 409 
8.000 409 


Epoch of 


Decl Prec. and sila talent BD 
1875 Sec.Var. Epoch No 
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observation, 1914.5 


ZONE CATALOGUE, 


Decl Prec. and spate sao Ped BD 
1875 Sec.Var. Epoch No 


AG Prec. 

No eeoctn 1875 Sec. ees 
34" Ls Soe 
21.55 
55.23 
40.36 
7 


+3. £0917- 31 
5.1021 32 
5.0634 28 
3.0834 30 
Too faint 


-8 KO +3.1104-35 
eO KO 3.1171 35 
°5 A2 5.0817 31 
e8 BY 53.0934 33 
-8 KO 5.0933 33 


-7 AO +3.1078-35 
-8 K2 5.0473 28 
°8 G5 5.1011 34 
°8 A2 53-1169 36 
el G5 3.0556 29 


«2 BS +3.0801-32 
°6 FO 3.0880 33 
eO K5 3.1146 36 
-O KO 3.1136 36 
-O F2 3.0579 30 


9 F8 5.1114 36 
-9 KS 5.0780 33 
-@ AO 53-0692 32 
°2 BY 5.0929 35 


«7 BY +35.0656-31 
-9 K2 3.0516 30 
~6 AO 3.0612 31 
°O G5 3.1111 37 
°O0 KO 3.0922 35 


-9 KO +3.0896-35 
-9 KO 35-0914 35 
-8 KO 3.1055 37 

K2 5.0588 31 


DBODDD OONIDD OWDDD OWWDO BYDOOrYAW NYODODOY WWODDW OWODWMDO WMDWADD wWOwM 
BH-aAwWo OOMRMWY NOWWOH DOORN HFPOWMON DWMDAMOW DWOMMO HNOM WANOWD NOH 


3.0935 35 


4951=PGC 5022. 


° 37 .26 | +3.0532-27 
° 35 38.50) 3.0554 27 
eO AO 42.03| 3.0883 31 
° 3.0540 27) 
e 3.0521 27 
°S BS +3.0642-29 
«6 AO 3.0782 30 
-O BY 5.0612 29 
«2 BY 3.0535 28 
e 3.1126 35 
eO FO +3.0525-28 
°5 F8 5.1075 34 
°8 AZ| 5.0627 29 
-O BY 5.1032 34 
«8 B9 3.0929 33 


4979=Bu 13496:9.3,10.0,0.5. 


=s° to +1° 101 


-0°54'32°1| +8.019+410 
-1 $8.7) 8.026 411 
+0 55.4] 8.044 406 
-0 18.7} 8.051 408 
-0 


+501 


35.5 
15.0 
58.2 
17.3 
56.5 


+8.127+404 
8.128 404 
8.133 408 
8.135 404 
8.198 403) - 


on 
Oo 
@ 

n 


+8.247 +404 
8.260 405 
8.277 403 
8.279 402 
8.364 409 


e 


ARWoaTn NWW 
ry 
oN tn © > 09 


+8. 365+401 
8.568 408 
8.372 402 
8.376 408 
8.3577 406 


-.08 
-.02 
-.02 
-.02 
-.06 


+ 


4 
QOoOrrH 


& 


-1 47 57.5) +8.388+408/+.08 -0.5 33.8 
-2 6 58.3) 8.388 409/-.01 -0.8 28.8 
~O0 26 44.4] 8.398 405)/+.04 -0.1]1 27.9 
-0 59 53.7| 8.406 406|)+.01 -0.5 37.8 
-0 59 47.0/ 8.415 406|/+.07 -5.5 34.1 


-1 40 48.4) +8.4844+407/+.01 -1,0 34,35 
+110 40.1] 8.489 399/+.035 -2.2 335.9 
-1 21 51.2] 8.495 406|-.11 +1.1 37.4 
-2 6 47.6] 8.547 408| .00 -1.7 29.4 
+0 47 WES) 8.570 599 -.ll -5. 61.62 


-O 22 135.8) +8.588+402|-.01 +0.35 36 

-0 44 Olea? 8.591 403 +.08 -0. 37.8 
-2 O 30.2} 8.594 407;-.05 -0.4 28.8 
-1 58 1.0/] 8.681 406; .00 -0.9 357.2 
+0 40 51.3) 8.689 398/+.10 -0.2 37.4 


+8.720+404 


-1 24 44.5 -00 -1.0 31.2 
-1 51 52.3 8.725 405 -.16 -4. S5e0 
-O 16 29.2] 8.767 400/+.03 +0.2 34.0 
+0 8 35.5|] 8.785 599/+.04 -0.8 33.9 
-O 59 1.8] 8.803 402|-.02 -0.1 31.0 
+0 24 56.4 +8.810+398 -.O1 -0. 34,35 
+0 59 4.0] 8.829 596|+.04 -0.7 37.8 
+0 31 44.7| 8.834 397 |-.02 -0.2 37.9 
-1 5119.9} 8.862 405/-.04 +7.3 29.2 
-O 57 16.8] 8.878 401] .00 -2.8 34.9 
-0 49 49.4 +8. 903+400 +.03 ra $1.0 
-0 55 7.4| 8.937 400/-.02 -0.7 31,33 
-1 35 27.2| 8.939 402|/+.09 0.0 30.3 
+0 38 31.6] 8.945 395 +0. 

-1 O 23.1] 8.946 400 


1914.5 


observation, 


Epoch of 
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5001=PGC 5071. 


1875 


YALE UNIVERSITY OBSERVATORY 


Prec. 
Sc veree 


4350579-31 
Double 
3.0722 33 
3.0887 35 
3.0488 31 


+3.0541-351 
35-0950 36 
3.0755 34 
3.0980 37 
3.0965 37 


+35.0485-31 
5.0881 36 
3.0721 34 
5.0669 33 
3.0690 34 


+3.1041-38 
3.0995 38 
3.0718 35 
5.0762 35 
5.0687 34 


+3.1112-40 
5.0654 34 
5.0682 35 
3.0756 35 
5.0477 32 


+5.0654-34 
3.0509 33 
5.0486 32 
5.1086 40 
3.1002 39 


+3.0659-35 
5.0905 38 
3.0575 34 
3.1131 41 
3.0514 33 


+3.0488-33 
3.1122 41 
3.1000 39 
5.0519 33 
5.0498 53 


+5.1135-41 
3.0657 35 


| 3.1136 41 


Double 
5.0553 34 


+35.0554-54 
3.0965 39 
5.0917 39 
3.0651 35 
3.0775 37 


5008=PGC 


5090. 


9.008 396 
9.024 398 
9.052 393 


+9.071+393 
9.122 398 
9.151 395 
9.149 398 
9.163 398 


+9.167+391 
9.167 397 
9.178 394 
9.194 394 
9.289 393 


+9.298+397 
9.504 396 
9.524 393 
9.377 393 


+9.418+397 
9.421 390 |- 


9.449 391 
9.453 392 
9.465 388 


+9.469+390 |- 


9,494 388 
9.503 387 
9.511 395 
9,511 394 


+9. 537 +389 
9.552 392 
9.574 388 
9.582 395 
9.591 387 


+9.599+586 
9.603 394 
9.608 393 
9.636 386 
9.658 386 


+9.6564394 
9.659 388 
9.661 394 


9.681 386 


+9.705+386 
9.721 391 
9.746 390 
9.787 386 
9.802 387 


Epoch of observation, 1914.49 


Decl Prec. and Jie eaet its 
1875 Sec.Var. Epoch] — ‘No 
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5056=PGC 5142. 
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eae 


ZONE CATALOGUE, 


Prec. 
Sec. ree 


+3. 0482- 33 
5.0518 34 
5.0537 34 
5.0709 36 
5.0615 35 


+3.0937-40 
5.1061 41 
3.0559 35 
5.0702 37 
53.1142 43 


+3.0821-39 
3.0616 36 
3.0971 41 
3.0670 37 
3.0853 39 


+3.0744-38 
3.0931 41 
5.0664 37 
5.0855 40 
3.0986 41 


+3.0826-39 
3.0598 36 
3.1051 43 
3.1124 44 
3.0991 42 


+3.0757-58 
3.1122 44 
3.0835 40 
3.1016 435 
5.0670 38 


+3.0684-38 
3.0960 42 
5.0824 40 
3.0774 39 
3.0821 40 


+3.0583-~37 

3.0507 36 
3.0803 40 
3.0760 39 
Double 


+3.0862-41 

3.0997 43 
3.0593 37 
3.1037 44 
Double 


+3.0833-41 
5.09350 42 
3.0970 43 
5.1117 45 
3.0652 38 


5067=PGC 5159. 
Epoch of observation, 1914.5 


5082=PGC 5171. 


-2° to +1° 


+ 9. "8164383 
9.816 364 
9.827 384 
9.829 386 
9.851 385 


+ 9.871+388 
9.885 390 
9.907 383 
9.947 384 
10.007 389 


+10.059+385 
10.071 382 
10.079 386 


10.094 382: 


10.098 384 


+10.124+383 
10.147 385 
10.170 381 
10.177 383 
10.181 385 


+10.211+383 
10.244 379 
10.248 385 
10.248 386 
10.250 384 


+10.295+380 
10.5350 385 
10.331 381 
10.362 383 
10.374 378 


+10. 388+378 
10.393 382 
10.394 380 
10.395 379 
10.396 380 


+10.414+377 
10.416 3576 
10.423 379 
10.435 379 


+10. 527+379 
10.536 380 
10.544 375 
10.556 380 


+10. 585+377 
10.588 378 
10.594 379 
10.600 381 
10.618 375 
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5085=PGC 5172. 


5092 =PGC 


103 


Decl Prec. and Photo-Nicolajew BD 
1875 Sec.Var. Epoch} No 


5179. 


AG Magn 
No Spec 
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5114=Bu 13518:9.5,10.0,022. 


YALE UNIVERSITY OBSERVATORY 


Prec. and 
Sec.Var. 


4+3.0769-40 

$-1055 44 
54-1047 44 
3.1023 44 
Double 


+3.0938-43 
3.0747 40 
5.0575 38 
5.0636 39 
3.1093 45 


+3.1107-46 
3.0613 38 
3.0566 38 
53-1090 46 
3.10356 45 


+3.0805-41 
3.0702 40 
5.0907 43 
5.0728 40 
5.0540 37 


+3.0508-37 
3.0819 42 
3.0673 40 
3.0657 39 
(3.0946 44 


+3.1060-46 
5.0682 40 
3.1009 45 
3.1106 47 
3.0629 39 


+35.0975-45 
3.0855 43 
5.1052 46 
3.0925 44 
3.0908 44 


+3.0720-41 
35-0654 40 
3.0529 38 
3.1082 47 
3.0781 42 


+3.1116-47 
3.0688 41 
3.0856 43 
3.0654 40 
3.0974 45 


+3.0838-43 
5.0838 435 
5.0753 42 
3.0729 42 
3.0887 44 


5134=PGC 5212. 


iL Prec. and 
5) Sec.Var. 


10.632 379 
10.635 379 
10.657 379 


+10.716+377 
10.718 374 
10.720 372 
10.772 372 
10.772 378 


+10.785+378 
10.794 372 
10.805 371 
10.811 377 
10.813 377 


+10.816+3574 
10.824 372 
10.825 375 
10.835 372 
10.843 370 


+10.854+3570 
10.893 373 
10.939 370 
10.943 370 
10.948 373 


+10.958+375 
10.965 370 
11.015 373 
11.016 374 
11.016 369 


+11.021+3573 
11.025 371 
11.025 374 
11.028 372 
11.040 372 


+11.055+369 
11.057 368 


11.095 366] 


11.100 373 
11.108 369 


+11.124+373 
11.151 367 
11.181 369 
11.191 366 
11.197 370 


+11.198+368 
“11.206 368 
11.238 367 
11.264 366 
11.279 3568 
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3949 
3929 
3930 
59335 
4453 


5934 , 
3957 
4455 
4460 
3935 


3936 
4462 
4464 
3937 
3938 


3961 
4465 
3962 
5963 
4468 


4248 
3964 
4475 
4476 
3947 


3949 
4477 
3951 
52358 
4479 


3952 
3969 
39535 
3954 
3972 


3974 
4482 
4483 
3959 
3977 


5254 
4487 
3981 
4488 
3964 


5982 
3985 
3987 
35989 
3991 


Epoch of observation, 1914.55 


ZONE CATALOGUE, -2° to +1° 105 


RA Prec. Decl Prec. and | Pho gad SIs be BD 
No Spectm “re Sec. ee 1875 Sec.Var. Epoch No 
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+3. -1006- 46|- 8’ 11. 0 +11. '301+369 
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wmno 


3.0914 45 
5.0699 41 
3.0909 45 
3.0999 46 


+3.0955-45 
3.0993 46 
5.0873 44 
3.1096 48 


11.306 368 
11.522 365 
11.338 367 
11.340 368 


+11. 348+367 
11.3635 368 
11.370 366 
11.375 369 
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5.0595 40 11.377 3563 


+11. 383+362 
11.417 365 
11.424 364 
11.464 361 
11.465 361 
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3.0854 44 
3.0760 42 
3.0614 40 
3.0553 39 


e 
MNOWDOHO DCDHWOOWP 
+ 
ar 


HON 
ee 


AN 


oF 
q 5 
Hod 
eee @ @ 


+11.473+365 
11.527 360 
11.561 362 
11.562 362 
11.571 365 


+5.09351-45 
3.0601 40 
5.0813 44 
5.0794 43 
5.1097 49 
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+11.578+360 
11.583 362 
11.616 362 
11.644 362 
11.653 360 


+3.0659-41 
5.0786 43 
3.0830 44 
3.0902 45 
5.0713 42 
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5160=PGC 5235. 


+3.0635-41 


3.0511 39} 


5.0822 44 
3.0959 46 
5.1019 48 


+3.1095-49 
3.0855 45 
5.1023 48 
3.0687 42 
3.0682 42 


+3.0701-42 
3.0811 44 
3.0888 46 
3.1080 49 
300747 43 


+3.0881-46 
3.0656 42 
5.0859 45 
3.0831 45 
3.0546 40 


+3.0540-40 
3.08435 45 
3.0617 41 
3.1076 49 
3.0835 45 


5166=Bu 10200:9.6,10.0,0+4. 


WOMQNHR DOLD YPONFNAN 
gs 


ahoarke Pop 


+11.662+358 
11.667 357 
11.668 361 
11.680 362 
11.708 362 


| 411.7135+363 


11.750 359 
11.773 361 
11.780 357 
11.786 357 


+11.7944357 
11.804 358 
11.818 359 
11.821 361 
11.824 357 


+11.836+358 
11.873 355 
11.885 357 
11.893 357 
11.902 353 


-| #11. 9084353 


11.909 357 


11.930 354] - 


11.944 359 
11.951 356 
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5227=PGC 5294. 


YALE UNIVERSITY OBSERVATORY 


Prec. and 
Sec.Var. 


+3°1010-48 |- 
3.0684 43 


. 6.0824 45 


3.0952 47 
3.0728 43 


+3.0565-41 
3.0565 41 
5.0891 46 
3.0928 47 
3.1013 49 


+3.0897-47 
3.0678 43 
3.0532 40 
3.0802 45 
5.1066 50 


+3.1082-50 
3.0897 47 
3.0672 43 
3.0749 44 
5.1077 50 


+3.0628-42 
3.0556 41 
3.0898 47 
3.1045 50 
3.0785 45 


+3.06350-42 
3.1006 49 
3.0616 42 
3.1054 50 
3.0818 46 


+3.0583-42 
3.0867 47 
3.0783 45 
5.0714 44 
5.0609 42 


+3.0607-42 
3.0564 42 
3.0679 44 
3.1094 51 
3.0632 43 


+3.0912-48 


+3.0742-45 
3.1061 51 
3.0722 45 
3.0570 42 
3.1064 51 


5234=PGC 5305. 


+11. 9634358 
11.973 354)|- 
11.974 355 
11.989 357 
11.992 354 


+12.017 +352 | 


12.058 351 
12.066 355 
12.078 355 
12.087 356 


+12.091+354 
12.107 351 
12.125 349 
12.164 352 
12.166 355 


+12.181+355 
12.203 352 
12.218 350 
12.219 350 
12.230 354 


+12. 245+349 


12.271 350 


+12.353+347 
12.538 351 
12.540 347 
12.349 352 
12.360 349 


+12. 3924345] +. 


12.394 349 
12.405 347 
12.416 346 
12.442 345 


+12.451+345 
12.462 344 
12.478 345 
12.494 349 
12.510 344 


+12.517 +347 
12.534 347 
12.558 348 
12.561 345 
12.565 344 


+12. 566+344 
12.603 347 
12.620 343 
12.638 341 
12.641 546 


Epoch of observation, 1914.58 


Decl Prec. and sypenare dat eh BD 
1875 Sec.Var. Buese ‘No 
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5264=Bu 15544; 


36 m37 6 °32 
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36 
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9.5,10.0, 


ZONE ee 


Prec. 
oe aes 


+35 1011-50 
5.1092 52 
5.0724 45 
5.0719 45 
3.0752 45 


+3.0770-46 
3.0822 47 
3.1049 51 
5.07357 45 
3.0751 45 


+3.0991-50 


+3.0720-45 
3.0951 50 
5.0865 48 
3.0953 50 
5.0770 46 


+3.1045-51 
3.0880 48 
301095 55 
3.0857 48 
5.0833 47 


+3.0769-46 


+35.0925-49 
3.0747 46 
3.1071 52 


3.0861 48} 
3.0741 46 


+3.1080-53 
3.0739 46 
3.0998 51 
5.0571 42 
3.1006 51 


+3.1078-53 


3.0825 48 
3.0571 42 


+3.0910-49 
3.0777 47 
3.0994 51 
3.0748 46 
3.0611 43 


o'6. 


~2° 


to +1° 


+12. ° 6634345 
12.671 346 
12.675 342 
12.699 341 
12.711 341 


+12.750+341 
12.769 341 
12.782 343 
12.784 340 
12.792 340 


+12.807 +342 
12.8135 537 
12.821 341 
12.827 339 
12.832 343 


+12.8354+339 
12.860 341 
12.864 340 
12.912 340 
12.932 337 


+12.938+3540 
12.962 338 
13.004 340 
13.012 337 
13.013 337 


+135.028+536 
13.042 333 
13.047 333 
13.055 334 
13.081 336 


+135.087 +336 
15.112 3534 
15.116 3357 
13.118 335 
13.135 3533 


+13.147 +337 
15.195 332 
13.205 355 
13.226 330 
13.234 334 


+13. 245+3535) + 


13.244 329 
13.273 329 
13.278 331 


13.315 528] - 


+13. 317 +531 
13.333 330 
13.334 332 
13.357 329 
13.369 -327 
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Decl Prec. and Sela ar id BD 
1875 Sec.Var. Epoch No 


Epoch of observation, 1914.58 


108 YALE UNIVERSITY OBSERVATORY 


AG Magn Prec. Deel Prec. and De aa “BD 
No Speeen ions Sec. afer 1875 Sec.Var. Epoch No 


+3. 0932- 50] - "20.9 +13. "3804330 
3.0557 42 13.594 326 |- 
3.0925 50 13.4351 329 
3.08352 48 13.441 328 
321043 52 13.447 330 
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oo 
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+3.0926-50 +13.451+329 
3.1076 53 13.455 330 
3.1042 52 13.463 330 
3.0867 49 15.533 326 
3.0844 48 13.535 326 


eee 


+3.1074-53 +13. 549+328 
13.556 327 
135.566 324 
13.579 325 
13.580 324 
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+13.582+327 
13.594 327 
13.599 3235 
13.610 322 
13.619 323 
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+13.629+3522 
13.711 3523 
15.712 3522 
13.729 322 
13.733 319 


+13.745+324 
15.746 319 
13.750 319 
13.751 319 
15.762 319 
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ae 


5.0630 44 


+3.0811-48 +13.795+320 
13.813 317 
13.816 321 
15.828 318 


135.836 316 
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+135, 845+3520 
15.848 317 
135.849 320 
13.852 317 
15.864 319 


+13.867 +3517 
15.868 321 
15.880 3516 
135.911 318 
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+3.057 6-43. +13.960+314 
3.0960 51 13.965 318 
3.1024 53 13.9735 319 
Double 

3.0521 42 13.976 313 
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5303=Bu 13552: 9.4,9.9,0°4. Epoch of observation, 1914.54 


ZONE CATALOGUE, -2° to +1° 109 
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Prec. Decl Prec. and eee eee Cl naer BD 
No Spectm AS Sec. oe 1875 Sec.Var. Epoch No 


+36 -1069- 54|-2° 4'19.8/+13.995+319 
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5.0923 51 
5.1058 54 
5.0981 52 
5.0726 46 


+3.0684-45 
5.0815 48 
5.0696 45 
3.0911 50 
5.0839 49 


+35.0822-48| 


53.0974 52 
3.0652 44 


3.0963 52] 


5.0564 42 


+3.0904-50 
3.09351 51 
3.0832 49 
5.0615 44 
5.0861 49 


+3.0557-42 
3.0967 52 
3.1051 54 
3.0811 48 
3.07357 46 


+3.0769-47 
3.0811 48 


14.043 316 
14.050 317 
14.092 315 
14.110 312 


+14.114+312 
14.154 313 
14.146 311 
14.161 313 


14.174 312 |- 


+14.189+312 
14.200 313 
14.206 309 
14.207 313 
14.232 308 


+14.257 +311 
14.258 312 
14.250 310 
14.270 308 
14.275 3510 


+14.276+307 
14.285 311 
14.326 311 
14.528 308 
14.550 307 


+14.332+308 
14.351 308 


3.08435 49 14.555 308 
5.0564 42 14.573 305 
3.0550 42 14.374 304 
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+3.0594-43 +14.410+304 
5.0539 42 14.426 3035/- 
3.0620 44 14.439 304] - 
5.0523 41 14.450 302 
3.0967 52 14.471 306 
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+5.1014-53 +14.492+306 
5.0945 51 14.499 306 
5.0695 45 14.502 303 
3.0968 52 14.528 305 
5.0542 42 14.530 301] - 
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+3.1021-53 +14. 536+305 
5.0724 46 14.541 302 
5.0661 44 14.559 301 
3.0986 52) 14.588 304 
3.0751 47 14.628 300 
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+35.0976-52 +14. 647 +302 
5.0942 51 14.655 302 
3.0756 47 14.658 300 
5.0589 43 14.667 298 
3.0961 52 14.672 301 
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5381 =Bu 10779:9.2,9.3,0%8. Epoch of observation, 1914.56 


110 YALE UNIVERSITY OBSERVATORY 


AG Magn Prec. Decl Prec. and pase Saeed BD 
No epectm ers Sec. vere 1875 Sec.Var. Epoch No 
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“lee 34 | +3.0790-48 24" 141426794300 
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3.0937 51 
3.0567 42 
5.0527 41 


14.681 301 
14.685 297 
14.685 297 
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3.0543 41 14.699 297 


+3.0993-53 +14.702+3501| - 
3.0634 44) 14.721 297 
3.0847 49 14.732 299 
3.1000 53 14.738 300/- 
3.0773 47 14.764 297 
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+3.0948-52 +14.778+299 
3.0902 50 14.794 298 
3.0621 43 14.814 295 
3.0974 52 14.819 298 
3.06435 44 14.820 295 


+3.0557-42 +14. 8454293 
3.1022 53 14.871 297 
3.0574 42 14.878 292 
3.0778 47 14.879 294 
3.0774 47 14.889 294 
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+3.0949-51 +14.891+4296 
3.0618 43 14.897 292 
3.0812 48 15.001 292 
3.0674 44 15.001 290 
3.0789 47 15.002 292 
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+3.1037-54 +15.011+294| - 
3.06135 43 15.029 289 
3.1029 54 15.030 293 
3.0620 43 15.031 289 
3.0920 51 15.033 292 
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+3.0700-45 +15.057 +289 
3.0768 47 15.066 290 
5.0935 51 15.083 291/- 
3.0595 42 15.105 287 
3.1019 55 S| 15. 106°-291 
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+3.0900-50 +15.142+289 
3.0790 47 15.145 288 
3.0960 52 15.145 290 
3.0922 51 15.177 288 
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+3.0948-51 +15.187 +288 
3.0719 45 15.212 285 
3.0548 41 15.216 284 
3.0558 41 15.219 284 
3.0708 45 15.242 284 
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+5.0717-45 +15.259+284 
3.0842 48 15.293 284 
5.0604 42 15.306 282 
3.0946 51 15.309 285 
3.0952 51 15.313 285 
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5402=Bu 13566;8.2,8.4,0.1. Epoch of observation, 1914.57 
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5462=Bu 13578; 
5489=PGC 5559=Bu 11125: 


ZONE CATALOGUE, 


Decl Prec. and cupieaney Saeed bal BD 
1876 Sec.Var. Epoch No 


Prec. 
Sec. eee 


+3. = 0838-48 
5.1028 54 
3.0723 45 
3.0637 43 
5.0748 46 


+3.0702-44 
3.0648 43 
5.0635 42 
5.0782 46 
3.0566 40 


+5.1029-53 


3.0696 44 


+5.0654-42 
5.0998 52 
35.0645 42 


3.0571 40 


+3.0770-46 
3.0603 41 
5.0804 46 
3.1016 53 
3.0662 42 


+3.1005-52 
5.0705 43 
3.1008 52 
3.0857 48 
3.0858 48 


+5.0719-44 
5.0623 41 
3.0910 49 
3.0908 49 
5.0717 43 


+3.0989-52 
3.0849 47 
3.0898 49 
3.0808 46 
3.0638 41 


+3.0629-40 
3.0623 40 
3.0974 51 
3.0620 40 
3.0968 51 


4+3.07535-44 
3.0624 40 
3.0739 43 
5.0741 43 
5.0857 47 


Go 529.7,067 « 


OB. 5,06 be 


-2° 


to +1° 


415,315+264 
15.524 285 
15.332 282 
15.367 280 
15.409 280 


+15.413+280 
15.421 279 
15.530 276 
15.550 277 
15.558 275 


+15.573+278 
15,601 276 
15.616 274 
15.673 272 
15.684 272 


+15.7024271 
15.731 274 
15.747 270 


15.763 269 


4+15.777+270 
15.786 268 
15.818 269 
15.842 271 
15.858 267 


+15. 864+270 |- 


15.886 266 
15.940 268 
15.971 265 
£52971 265 


+15.975+264 
15.977 263 
15.987 265 
15.995 265 
16.002 263 


+16.008+265 
16.009 264 
16.033 264 


16.073 262/+ 


16.107 259 


+16.133+258 
16.155 258 
16.155 261 
16.159 258 
16.172 260 


+16.200+257 
16.214 256 
16.227 256 
16.228 256 
16.270 256 


5479=PGC 5550. 
declination is discordant. 
Epoch of observation, 1914.55 
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AG Magn RA Prec. Decl Prec. and SC ana BD 
No Spectm — Sec. ee: 1875 Sec.Var. Epoch No 


nee. “86 +3. “0555- 37 3°51. 2 +16. "2784253 
4.39) 5.0793 45 16.279 255) - 
15.51| 3.0727 43 16.289 254 
57.45| 3.0782 44 16.3524 254 
57.51| 3.0828 46 16.3575 252 


ed 
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toe 
ped 
es e e 


o @ 
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e e ° 
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wm O 


11.25| 3.0993 51 
22.12| 3.0575 38 
44.18| 3.0632 39 
30.42) 3.0686 41 


+16.383+251| - 
16.3587 254 
16.596 250 
16.414 250 
16.453 249] - 


SHS 
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QO > B00 

NOrrO EDO SOE E 
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Nona tT DH Oe 
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59.73 | +5.0885-47 +16.461+250 
49.23) 3.0869 47 16.469 250 
57.50| 3.0926 48 16.525 248 
58.47] 3.0772 43 16.526 247 
52.26) 3.0836 45 16.554 247 


ee @ 
to 
eee 


ve 
NORHrrO HF 
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41.98 |+3.0567-36 +16.611+243 
49.04) 3.0877 47 16.617 245 

90'S) o007 00847 16.633 243 
36.87] 3.0699 40 : 16.656 242 
44 Too faint 
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10. 37 | +3.0698-40 +16.6635+241 
14.26] 3.0688 40 16.685 241 
37.97| 3.0964 49 16.705 243 
49.57) 3.0616 37 16.715 240 
30.77 | 3.0937 48 16.748 241 


oonnS 


34. 54 | +5.0946-48 +16.7651+241 
10.74| 3.0720 41 16.780 238 
17.17 | 3.0637 37 16.843 236 
54.88) 3.0858 45 16.862 236 
25.61| 3.0650 37 16.885 234 
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27.97 |+3.0759-41 +16.889+235 
47.34) 3.0921 47 16.904 235 
59.99} 3.0882 46 16.914 235 
42.02] 3.0721 40 16.946 232 
43.12] 3.0894 46 16.947 234 
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e e ° ° 
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Or 
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47.95 |+3.0711-39 +16.951+232 
15.99} 3.0874 45 16.973 233) - 
29.55| 35.0722 40 16.983 231 
38.29} 3.0902 46 16.990 2352 
15.61| 3.0729 40 17.019 230 


Seo 


1 
Orn 
° 


33.03 | +35.0784-42 +17 ,.032+230 
37.64 17.036 229 
55.52 17.050 2350 
0.22 17.053 230 
17.71] 3.0926 47 17.067 229) - 
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56. 86 | +3. 0685-38 +17.0814227 
5.39| 3.0647 36 17.103 226 
6.40] 3.0866 44 17.104 228 
7.22| 3.0654 36 17.105 226 

20.23] 3.0881 45 17.114 227 
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5510=Bu 11246:8.6,8.8,1". 5537 =Bu 13596:9.1,9.3,0°4. Epoch, 1914.55 
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AG Magn Prec. Decl Prec. and Photo-Nicola jew BD 
No ees 1878 Sec. aes 1875 Sec.Var. Epoch No 
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5551=PGC 5655. 


ARMM MOP ANnnw Nwwnooo 


NINN 


5.0584 32 
3.0699 37 


+5.0831-42 


+3.0754- 

5.0766 38 
3.0907 44 
5.0714 36 
5.0608 32 


+3.07 32-37 
5.0741 37 
3.0904 43 
5.0931 44 
5.0832 40 


+3.0872-42 
5.0659 33 
3.0929 44 
3.0869 42 
3.0764 37 


+3.0694-34 
5.0613 31 
3.0863 41 
5.0947 45 
3.0745 36 


5561=PGC 5671. 
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5571=PGC 5676. 


17.152 227 
17.159 226 
17.163 225 
17.167 225 


+17 1714225 
17.195 225 
17.206 224 
17.213 223 
17.286 221 


+17.2954+221 
17.298 218 
17.514 220 
17.317 218 
17.318 220 


+17.519+219 
17.3523 219 
17.530 218 
17.336 217 
17.339 217 


+17.540+218 
17.552 216 
17.353 217 
17.356 218 
17.370 218 


+17.386+217 


17.410 216 
17.464 214 
17.466 213 


+17.466+213 
17.468 213 
17.477 214 
17.497 211 
17.497 210 


+17.506+211 


17.576 208 /- 


17.589 209 
17.597 209 


17.601 208)}- 


+17.601+208 
17.639 205 
17.650 207 
17.653 206 
17.663 205 


+17. 684+203 


17.685 203 |- 


17.695 204 
17.700 204 
17.701 203 
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observation, 1914.6 


114 YALE UNIVERSITY OBSERVATORY 


Magn Prec. and| Decl ke 
Spectm 1278 Sec.Var. 1875 Sec.Var. Epoch No 

s 
+3,0785-38|-0°34'11.9 |+17.705+4203 
3.0929 44 17.718 204 
3.0832 40 17.720 203 


5.0876 41 17.721 2035 
5.0772 37 ¢ 17.755 201 
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io2) wononro OOnwnn~ 


oe @ 
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BOOMH 
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ee 


+35.0684-33 +17.758+200 
3.0891 42 17.764 201 
5.0786 37 E 17.768 200 
3.0825 39 < 17.793 200 
300733 35 17.803 199 


aes 


5 


+3.0667-352 +17.815+198 
Double 

5.0814 38 : 17.855 197] - 
5.0908 42 17.856 197 
Dolla iis AY) 17.859 195 


wowon~tworw OW MwO © 0 0 0 COO 


OCOrRO OF @M@HOa NOOWO 
a 
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+3.0859-359 
3.0908 42 
5.0696 32 
3.0936 43 
3.0734 34 


+3.0851-39 


5.0731 
3.0771 35 


+3.0718-353 
3.0680 31 
5.0661 30 
Too bright 
3.0721 32 


+5.0707-352 
320710 32 
5.0778 35 
3.0703 31 
5.0725 32 


+3.0687-350 
3.07350 32 


Too bright] +0 


+3.07 87-34 
3.0868 48 
5.0841 37 
5.0714 30 
5.0913 40 


+3.0816-355 
3.0815 35 
3.0625 25 
Too bright 
3.0860 37 


+17 «8654197 
Ly. Bia a7 
17.874 195 
17.900 196 
17.901 194 


+17 .917+194 
17.950 193 
17.955 193 
172.958 192 
17 «968:192 


ml hy fre al i 2 F 
17.975 (191 
LT BIOL IO 


116 997 LO 


+18, 0113 4189. 
18.012 189 
18.023 189 
18.038 188 


18.065 187) - 


+18.073+186 
18.075 186 
18.106 186 
18.132 183 


+18.135+184 | - 


18.150 184 
18.178 182 
18.193 181 
18.200 182 


+18.2004181)} - 


18.204 181 
18.228) 178 


18.264 178 


Epoch of observation, 1914.57 


+. ay 


ZONE CATALOGUE, -2° to +1° 115 


a (emt Pes and Decl Prec. and cpa bee te BD 
No geoctn 1978 Sec.Var. 1875 Sec.Var. Epoch No 


s 
8.8 F +3.0822-35 |- 418.280+177|-911 -0.1 37.0 |-1 4301 
8.2 ae 3.0803 34 18.289 177/+.20 0.0 31.3 |-0 4369 
8.8 GO 3.0915 39 18.289 177]-.06 -2.4 29.8 |-2 5767 
9.3 GO 3.0784 33 18.290 176|/+.29 -0.7 33.8 |-0 4368 
8.5 FS 3.0847 36 18.301 176/+.05 -0.3 30.8 |-1 4303 
7.8 AO +3.0770-32 +18. 3124175|-.07 -1.3 -0 4371 
8.5 K5 3.0853 36 18.319 175|+.09 -0.3 -1 4305 
9.0 F8 3.0674 27 18.319 174/+.06 +0.2 +0 4884 
9.0 GO 3.0707 29 18.320 174|+.09 +1.9 +0 4885 
8.8 KO 3.0885 38 18.325 1755.03 <0-7 -1 4306 
9.0 G5 +3.0607-23 +18. 329+173|-.06 -0.7 28.8 |+1'4621 
9.0 F8 3.0754 31 18.330 174|+.06 +0.8 28.8 |-0 4372 
9.0 KO 3.0608 23 18.332 173|+.06 +0.6 31,33|+1 4622 
9.0 F5 3.0620 24 18.334 173|+.10 -0.8 30.3 |+0 4886 
8.6 A2 3.0827 34| 18.338 174|+.10 -0.1 33.9 |-1 4307 
9.1 F5 +3.0761-31 +18. 3554173) +.13 -3.4 37.0 |-0 4374 
9.1 F5 3.0745 30 18.380 171|+.24 40.9 37.0 |-0 4377 
7.9 FO 3.0635 24 18.396 170/+.08 -1.5 31,33/+0 4890 
8.9 Mb 3.0854 35 18.400 171|+.08 -0.3 33.8 |-1 4309 
8.9 KO 3.0644 24 18.400 170|-.01 0.0 30.3 |+0 4891 
8.3 KO +5. 0680-26 +18.4014170|+.06 -0.7. 30.9 |+0 4892 
8.4 3.0866 36 18.419 170|+.01 -1.6 34,35|/-1 4311 
9.0 A5 3.0757 30 18.425 169|+.03 -0.1 29.7 |-0 4380 
8.6 GO 3.0861 36 18.425 170|-.07 -4.4 30.3 |-1 4313 
8.6 K5 3.0810 33 18.426 169 1.4 32.8 |obeesi4 
8.6 Ma +3.0672-25 +18.436+168 +0 4894 
8.2 FS 3.0611 22 18.440 168 +1 4626 
8.9 AZ 3.0909 38 18.467 168 -2 5782 
7.2 K5 3.0727 28 18.467 167 -0 4383 
9.5 GO 3.0809 32 18.476 167 -1 4320 
3.8 B8 Too bright -0 4384 
9.2 G5 +3.0765-29 +18. 520+164 -0 4385 
9.0 G5 3.0683 25 18.524 163 +0 4898 
9.1 FS 3.0814 32 18.524 164 = 4554 
8.5 A2 3.0797 31] 18.525 164 -0 4386 
9.2 G5 +3.0872-35 +18. 5264164 -1 4325 
8.1 GO 3.0830 33 18.532 164 -1 4327 
9.0 K2 3.0817 32 18.534 164 -1 4328 
8.0 FO 3.0748 28 18.537 163 -0 4387 
8.7 PS 3.0790 30 18.557 162 -0 4388 
9.0 GO +3.0791-30 +18. 5594+162/+.02 +2.2 28.8 |-0 4389 
9.0 FO 3.0889 36 18.565 162/+.17 +0.4 32.9 |-1 4329 
9.1 KO 3.0901 36 18.571 162|+.02 -0.4 28.8 |-2 5794 
8.7 G5 3.0680 24 18.601 159| .00 -1.1 34.2 |+0 4901 
9.2 F5 3.0803 31 18.607 160|-.06 +0.4 31 -1 4532 
8.4 F5 +3.0841-32 +18.6227159| .00 -0.3 ~1 4336 
8.6 A2 3.0689 24 186560157 (a0 40.6 +0 4904 
8.6 G5 3.0675 23 18.646 157|+.13 +2.0 +0 4905 
9.1 F8 3.0791 29 18,650 1574.15 005°: -0 4397 
8.0 KO 3.0784 29 1B. 6650156) —21o <1. 3 -~0 4399 


5652=Bu 11756;:8.4,10.3,124. 5679=PGC 5820. Epoch of observation, 1914.58 
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AG Magn Prec. Decl Prec. and sapeumoe p BD 
No |Spectm 1875 cab ee 1875 Sec.Var. 8 Epoch} No 


+3. “0635+ 20 "38.0 |418.6734+155 
3.0768 .27 18.698 154 
3.08435 32 18.721 153 
3.0713 24 18.722 152 
SeO771 27 L6.7S2 LSz 


e e 
es 


meHodSS 
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+35.0758-26 -6 |+18.755+152 
50745 26] 18.7359 152 /)+ 
3.0676 21 18.740 151 
3.0747 26 18.746 151 
3.0854 32 c 18.777 150 
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HE OO 
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+35.0819-30 +18.781+150 
5.0681 21 18.783 149 
5.0638 19 18.786 148 
5.0815 29 ‘18.798 148 
3.0835 30 < 18.802 148 


se es 
a 
PR 
e e e 
POrRPHF HPREROWM ner @rwn 
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+5.0744-25 +18.811+147 
5.0871 32 18.812 148 
5.0667 20 18.815 147 
5.0654 18 18.615 147 
5.0850 31 18.827 147 
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4 y 
Su SHO 
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+5.0764-25 +18.8394146 


eo °@ 


* «¢ € 


3.0635 17 
3.0683 20 
5.0686 20 
5.0705 21 


+5.0669-19 
3.0871 31 
5.0626 16 
3.0749 23 


18.875 143 
18.875 143 
18.891 142 
18.893 142 


+18.896+142 
18.909 142 
18.919 140 
18.938 139 


bpd iL 
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8 


S4h44 


eee 8 @ 


5.0783 25 18.947 1359 


+3.0816-27 +18.970+1358 
5.0631 15 18..972137 
5.0639 15 18.999 135 
3.0871 30 19.026 134 
3.0810 26 19.049 1352 
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+5.07354-20 +19.059+1351 
3.0637 14 19.059 131 
3.0740 20 19.068 1351 
5.0846 28 19.069 131 
360718. 19 d 19.082 130 


e 
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Lb3dS dbz 


3.0694 17 19.089 129 
3.0844 28 19.091 1350) + 
3.0865 29 19.098 129 
5.0668 14 19.134 126 


+5.0707-17 +19.159+126 
3.0657. 13 19.140 125 
5.0804 24 19.141 126 
3.0807 24 13.176 12S 
5.0789 22 19.190 122 


5703=Bu 13625:9.6,9.6,0"3. 
5749=Bu 13633:9.7,9.7,124. 
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5742=PGC 5908. 5743=Bu 13629;9.4,10.3,1". 


Epoch of observation, 1914.58 
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ZONE CATALOGUE, 


Prec. 
Sec. site 


m 
43. “07 +3. “0847- 26]- 


5.0703 15 
3.0828 25 
5.0741 18 
3.0793 22 


+3.07 54-19 
3.0684 13 
5.0695 14 
3.0758 19 
5.0645 10 


+3.0677-12 
3.0844 25 
Galore to) aY/ 
3.0684 13 
5.0758 17 


+35.0804-22 
5.0740 17 
3.0802 22 
3.0785 20 
5.0792 21 


+3.0781-20 
3.0723 15 
3.0832 24 
5.0837 24 
3.0798 21 


+3.0665-10 
3.0700 13 
5.0858 24 
3.0684 11 
5.0656 9 


+3.0795-20 
3.0775 18 
3.0780 18 
5.0791 18 


-2° to +1° 


19.205 121 
19.206 121 
19.208 121 


19.254 119/+. 


+19.234+119 
19.259 118 
19.250 117 
L9.acc 117 
LIeZo9 “LEG 


+19.265+116 
19.268 116 
L96cOOnTr6 
19.275 115 
19.278 115 


+19.278+115 
EI.279 TIS 
19.286 115 
19.288 115 
19.295 114 


+19. 5064113 
19.315 112 
19.3516 115 
19.318 112 
19.526 112 


+19. 3284111 
19.331 111 
19.339 111 
19.346 110 
19.350 109 


+19.3556+109 
19.375 107 
19.401 105 
19.416 104 
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Decl Prec. and ge a Ne BD 
1875 sec.Var. Epoch No 


51’ 3.5 |4+19.1964122 


e e e « e 


5.0831 22 19.422 104 
+19.427+103 
19.468 99 
19.475 99 
19.485 98 
19.487 98 


+3.0729-13 
3.07357 13 
3.0831 21 
3.08235 20 
3.0748 13 


+19.495+ 97 
19.512 .-95 
Lele, 90 
19.514 95 
19.522 94 


+5.0770-15 
5.0802 18 
3.0757 14 
5.0782 16 
3.0709 9 
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+19.536+ 95 
197.550. 92 
19.565 90 
19.568 90 
19.571 89 


+3.07735-14 
3.0813 18 
5.0690 6 
3.0759 12 
3.0723 9 


8 
9 
9 
9 
8 
9 
9 
9 
9 
c. 
8 
9 
2 
4 
8 
9 
8 
+f 
df 
9 
2 
9 
9 
2 
8 
8 
g 
7 
8 
8 
9 
8 
4/ 
9 
8 


OWNOD AODOOM NHRD NWNWEO 


5756=PGC 5929. Epoch of observation, 1914.6 


5752=PGC 5924. 
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WEIGHTS AND PROBABLE ERRORS 
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FRANK SCHLESINGER 
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INTRODUCTION 


The first and shorter table, on pages 4 and 5, gives the squares of the reciprocals of all numbers 
from 1.00 to 10.00, the whole number appearing in the heading, the decimal in the first column. If 
the argument does not fall between 1 and 10, we may move its decimal point any number of places 
either way, in which case the decimal point in the tabular number must be moved twice as many 
places in the same direction. The table may be used to obtain square-roots of reciprocals by using 
the tabular number as the argument. 

The second table, pages 6 to 18, gives 


0.6745 aes 


where # is the weight, v the residual, m the number of observations and » the number of unknowns. 
The arguments are [p-v-v] and m — uy, the former appearing in the headings, the latter in the first 
column. The tabular number is the probable error corresponding to unit weight. Asm — pisan 
integer, it is never necessary to interpolate in the vertical direction, and the table has been so 
planned that interpolation in the horizontal direction is seldom necessary. Two significant figures 
are often all that are required for probable errors, and more than three are never justified. If 
[p-v-v] does not fall between 1 and 100, we may move its decimal point any even number of places 
either way, in which case the decimal point in the tabular number must be moved half as many 
places in the opposite direction. 

In any institution where much least-squares work is carried out, these tables will save a great 
deal of time. The labor involved in their preparation and the expense of publishing them corre- 
spond to a small fraction of what they will save at this Observatory alone. 
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THE PARALLAXES OF FIFTY-EIGHT STARS 
FROM PLATES SECURED WITH THE 
THAW TELESCOPE 
AT ALLEGHENY OBSERVATORY 


BY 


FRANK SCHLESINGER, FRANCES ALLEN, 
AND OTHERS 


v INTRODUCTION 


These parallaxes, derived from plates taken at the Allegheny Observatory, are uniform in all 
respects with those previously published from that observatory under the writer’s direction, and 
are the last series with which he will be directly concerned. A few changes have recently been 
made by Dr. Curtis in some of the details of the continuation of this work. It is not to be antici- 
pated that any of these changes will affect the character of the results from the point of view of 
systematic error, but it may be well to enumerate here the serial numbers of the parallaxes which 
were published on the original plan. These are: Stars 1 to 365, in the Publications of the Allegheny 
Observatory; 366 to 399, in the present paper; 470 to 526, in Memoirs of the National Academy, 
Volume 19; 527 to 532 in Astronomical Journal, 799; 644 and 645, in Astronomical Journal, 
836; and 646 to 669, in the present paper. 

The table on page 23 is a summary of the results; this is largely self-explanatory. A minus 
sign in the fifth column indicates that the star is in the DM zone to the south of that implied by 
the number of degrees in the declination in the fourth column; and a plus sign, that it is north. 
The probable error in the last column corresponds to a good plate. 

The table on page 24 gives details concerning the comparison stars, of which there are three or 
four in each field, usually four. The rectangular coordinates are referred to the parallax star as 
origin; positive coordinates correspond to greater right-ascension and greater north polar distance. 
The column D gives the dependence. The next to the last column gives the mean photographic 
magnitude of the comparison stars, derived from that of the parallax star by making due allowance 
for the sector opening employed. The last column contains a constant that was applied to the 
solutions for all the plates in a region, to avoid dealing with large numbers. 

The table on page 25 gives in condensed form the details of the least-squares solutions. 
Columns 2 to 11 contain the sums of the quantities shown in the headings, except that Column 8 
contains the computed weight of the parallax. The last three columns give the derived values of 
the unknowns in millimeters. To reduce them to arc we multiply by 14.6; to reduce the proper 
motion from millimeters in one hundred days to arc per annum we multiply by 53.3. 

Details concerning the plates are on pages 26 to 32. For each are given the Julian Day (less 
2,420,000) on which the plate was taken, the hour angle (h), the parallax factor (P), the solution 
(m) in units of .0001 mm (after adding the constant in the last column on page 24), the weight (p), 
and the residual (v). 

Forty percent of these plates were secured by Dr. Jordan, twenty-eight percent by Dr. Trumpler: 
ten percent by Mr. Hudson, eight percent by Mr. Herriott, five percent by Mr. Daniel, and the 
remaining nine percent by six other observers. 

Miss Allen measured the plates for Stars 366 to 399, except that Miss Denton measured the 
first eleven plates of Star 383. The other stars were measured as follows: Number 646, Hudson, 
the first seven; Knudsen, the rest. 647, Jenkins, the first five; Knudsen, the rest. 648, Bender, 
the first six; Knudsen, the rest. 649, Denton, plates 3, 4, 5; Knudsen, the rest. 650, Bender, 
the first six; Knudsen, the rest. 651, Bender, the first seven; Knudsen, the rest. 652, Bender, 
plates 1, 3, 4, 5,6; Knudsen, the rest. 653 to 655, Denton. 656, Stearns. 657 and 658, Denton. 
659, Bender, the first seven; Stocker, the rest. 660, Bender, plates 1, 2, 3, 4, 6; Nail, the rest. 
661 and 662, Denton. 663, Bender, the first seven; Nail, the rest. 664, Bender, the first six; 
Stocker, the rest. 665, Jenkins, the first five; Knudsen, the rest. 666, Bender, the first eight; 
Knudsen, the rest. 667, Denton. 668, Jenkins, the first three; Nail, the rest. 669, Jenkins, 
the first six; Stocker, the rest. 
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Some of these objects are of special interest. Number 646 is Betelgeuse, the first star whose 
angular diameter was measured with the interferometer. Other trigonometric determinations are: 
McCormick, + ’’.013 + ’.006; Mount Wilson, + ’.011 + ’.006; Yerkes, + ’.017 + ’’.007, 
Yale Heliometer, + ’.024 + ’.024. The weighted mean given in the General Catalogue of 
Parallaxes (1924) is + ’’.017 + ’’.004 (absolute). The mean of several spectroscopic determi- 
nations is + ’’.011. The trigonometric value gives a linear diameter of Betelgeuse about one-third 
smaller than the spectroscopic. 

Number 651, e¢ Hydrae, is a well-known triple system. The two close components revolve 
about each other in a period of 15.3 years; the distant star revolves about these in a period that is 
as yet unknown but which must be several centuries. Other trigonometric determinations of 
the parallax are: McCormick, + ’.004 + ’.010; Sproul, + ’.012 + ’.012. To the orbital 
motion and measures of the radial velocity there corresponds a parallax of + ’’.025. The 
dynamical parallax is + ’’.030. From spectroscopic observations the Mount Wilson observers 
derive + ’’.052 for the bright star, and ’’.016 for the distant companion. 

Number 656 is the star of greatest known proper motion. It is now also the star whose distance 
is known with the smallest percentage of uncertainty. Seven trigonometrical determinations give 
for the mean + ’’.538 + ’’.004. If all were given the same weight the mean would be the same, 
and the probable error computed from the accordance of these seven values would be + ’’.005. 
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Peo Meek CASE OF HE PROBLEM OF THREE BODLES. 


~ 


By PAUL SLAVENAS. 
SECTION 1. THE PRELIMINARY DISCUSSIONS. 


The object of this work is to investigate the motion of the stars in a triple system, consisting 
of a close binary pair and a third distant body. 


At the beginning of the investigation we need to put some temporary limitations upon the 
problem, supposing that the result, which will be obtained, can be extended for the most 
general case. We neglect the influence of the non-spherical form of the bodies, i.e. we suppose 
that they behave as if they were material points. In addition to this we assume that the motion 
takes place in one plane. 


Let JZ, and JZ, be the components of the binary system; JZ, the third star, and ,, 1,, mz 
the corresponding masses. The motion of JZ, will be referred to the Cartesian coordinates %, y, 
taking 4% as origin. The motion of JZ, we shall refer—as in the Lunar Theory—to another 
coordinate system €, 7, taking as origin the centre of gravity G of the binary system JZ), JZ, the 
€-axis being parallel to the x-axis of the previous system. 


The equations of motion are 


dx 0F dy oF 


URS aia Gye a ear (1) 
Geel Cnmeels 
TRIE her ye ee (2) 
the force functions “and /,, when expanded in powers of r/R, being 
My tM, , Mz go 4 Moma Uo s 
Fra MOM 4 7B | (35? ~1) Fat potent (SP 3S) Bat one | pester (3) 


I 2 
F,= “etm ; a me — 3S?) at =) RRC ce re COS ae i: (4) 
Party, RP=&+7*, S=cosa, a being the angle between 17,, W, and G, 1,*. 

Since the perturbations in € and 7 are, in general, small, due to the absence of the term 
depending on the first power of 7/ in the expression for /,, we can assume that the motion 
of M, is elliptic under the mass m+ m,+ m, placed at G. Consequently, we have to determine 
the motion of M4, relative to JZ, from the equations (1), putting the elliptic values of S and R 
into (3). 

In this statement the problem corresponds to the Lunar Theory, the only difference being 
that we do not make any assumption regarding the magnitude of the masses of the three 


bodies, 47), 47, and AZ,, which may be called the “Earth,” “Moon” and “Sun” respectively. 


* See E. W. Brown, Lunar Theory, Cambridge, 1896, Chapter 1. 
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In the course of the present paper, as the first approximation, we shall neglect also the 
eccentricity of the ““Sun’s” orbit, i.e. we shall take 
R=a'=constant, a=0—n' (t—%), 
where 6 is the angle between J, /, and the x-axis; 2’ the mean motion of the “Sun”; 
¢, the value of ¢ when 0=a. 


Following the method of Euler and Hill in the Lunar Theory, we transform the variables 
x, y and 7 to another set of variables, v, o, 7, by means of the formulae 


thus obtaining from (1) the equations 
: y Ud 
Dy+2Dv+2 5" =0, Dig Sa Dees oe sae Bisodeea weg anees (6) 
Oo 
where D=d/dr, D*=a?/d7?, and 


Fra(1—8) (yt hue) +88 (vt ot An delete (7) 
—p Wee —— 
~My + It + Me, 


If we neglect in the expressions (7) all the terms above the second power of v and o and 


substitute the remaining part into (6), we shall have 


=e 
Dv + 2Dv— ee +(1+44)v+8ha=0, 


_h 
Dig —2Do -* + (1+ 4h) +$hv=0. 
vo 


The equations (9) admit the Jacobian Integral 
| —k 
DuDo +25 + (14+ $e) vo +B (VA) RAC. i eeceeeneeeeeeeees (10) 
(vo)? 
SECTION 2. THE INTERMEDIATE ORBIT. 
We are going to find a particular solution of the equations (9) represented by 
+0 +00 
v=a yy Qo; (aries (Oe ca) Dy, V_9j-2 (aie Pe ey (1 1) 
where C= exp. r/m, m=x'/(z—~x’), m being supposed to be a small quantity. 

The method used here to compute the coefficients a; has been given by G. W. Hill in his 
“Researches in the Lunar Theory*.” Following his plan we put the equations of motion (9), 
by making use of the Jacobian integral, into the so-called homogeneous form 

oD —vD?o + 2D (vo) + 8k (a? —v*) =0, 
oD*y+vD%o + 2 (cDv—vDo) + DuvDo + 3 (1+ $4) vo +24 (v? +07) =C. 


or(h2)) 


* American Journal of Mathematics, Vol. 1, pp. 5—26, 129—147, 245—260. 
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Substituting the series (11) into these equations, we obtain after some transformations the 
equations of condition for the coefficients a, 


%; [827-8 (47 — 1) 2+ 20E7?— 167+ 2+4 (4¢—57+ 2) m+ (64 32) m?] aoi@oi-5 
PORM* 20a; Caio e = O)) 7 = Ely Pye ahr eee eae (13) 
[The equation of condition for 7=0, namely 


CM =3 [ott 1) +4 (2+ 1)m43 (1444) m*|'aiar t= ANY odd oe (13%) 


determines the relationship between C/a? and the coefficients a,;. | 


We put a, equal to unity on account of the common factor a, and compute from (13) the 
remaining coefficients a2; (z+ 0) by means of continued approximation. 


The result, carried out to the fifth order of m, is: 


Caan 
Zz = 75 em? +s Amt += ie 3 emt + +(2 —{k) km? + | 
Sree (A) 
a= —12 bm? —5 m3 — (% —3 2) kms — Fatale 
25 
Qs = 76 64 S 3 mi t+. rE irers: 23, me + 


These expressions determine the sage of the intermediate orbit; it remains to compute the 
common factor a, which may be called the scale of the orbit. 
Put v=au, G=a6 arota aloha cievete eels Bier cfololorevolets) eielelcicioletcloteterereiers (14) 
v’ and o” have been already determined. From the first of these equations (9) we find 
1—k 
ay, =p'ig!? [ Du! + 2Dv' + G +h) ule ho | cette eee (15) 


which, after expanding the right-hand member in powers of m, and defining 


FA ry 1 nea er LR Done Ree RY nessa 307 (16) 


gives jet emt (1+ 42) me 2 Ame oie es ace gegen (B) 
whence a=(1—2)} mi [1-3 m+(3—24) m*— (42-42) m? 
IIo 1559 308 308 4667 

+ (FO 2 4 289, BF) mt — (SE Eh OO) mo +... |. ...(C) 


te expressions (A), (B) and (C) differ from similar results, given by Dr Hill, by the 
presence of a literal parameter %, and can be easily reduced to his by putting &=1. 
The intermediate orbit will be expressed in the x, y coordinate system, according to (5), by 


X= aad ,Ay, CoS[ (22 + 2—22n')(¢—2,)], y=a'ad,ag; sin[(22” + 2— 22n') (¢—4))]. ......(17) 


SECTION 3. THE VARIATION EQuaTION. 
In future we shall denote the intermediate orbit by the subscript zero. Any solution of the 
equations (9), differing but little from the intermediate orbit, can be represented in the form 
Biri Miran me ere Org at cia i cot caine vss hho cee ae (18) 
where U and V aresmall. Substituting these expressions in (9) and neglecting the powers and 
products of U and V beyond the first order, we obtain 
PIU 2DU+AU+BV=0, PV-2DV+AV+ BUH, yes (19) 
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where : 2 
Te I— pS 
Az=1+4k+h.- 5, B=gkt+ . fo) Dake es eee (20) 
(vp oo)? Uy2o 9! Up? Ty? 


From the property of the functions v, and o, that v)(t)=a(—7) we conclude that 4, B 
and #’ can be represented in the form 
I ++ 00 I +o — ; 
=a a 5 Oak De Ss Bahu, = ae PI ofr oery by a St, Mt (21) 


—-D 


In order to compute the coefficients a; and 8; we reduce the expressions (20) either by means 
of (14) and (16) to the form 


mA =(fakyie es m3 =3 (4m = amas a) wid vent taes (22) 


K © 
* (v/o/) 2 vy? Te? 


or, by means of the equations (9), to another form 
A ~ [Du + 2Dy+3(1+$4)uy4+3hoo], B=8. — [Dv + 2Duy + (1 +34) uy + hoo]. 
Uo 0 
Sigs (23) 


The form (22) is better for computation ; however, the formulae (23) were also used by the 
author to check up the computation of the coefficients a; and 8; as well as of mu. 


The results are: 
=i + me G +32) m? —§, emt + 2h?m5 + .. 
ee ieee atthe S= ae 
ae Ue ee es 


FF 1 


See eee SOHO HHH OT EHH ETH HEHE HOHE E HOH HEE HEHE HEHE HH SEH EHH HEHEHE EERE TET E ES 


d Shah 417 551 
By =2+3m + (24+52) m?- 22 fmt — 5! ams +... 
B, =%2 km? +2 Am? + (323542 2) Amt + (23— 5h) Amo +..., B= 2 bemt + 382 bem? + .., 


+2 bh) hm'—- (2 +h) kmi+..., Ba=at emi + 23, hm? + .. 


Cee Oe HH eS ooe reo HEHEHE HHT HHE HEH EHH SOE HET OHO OHH HEH ESSE SHEE HHH SHE EHH HEHE EHO HHO 


CC i 


SECTION 4. THE SOLUTION OF THE VARIATION EQuaTIONS. 


Two particular solutions of the variation equations can be formed immediately : they are 


U,=Dw, Va, €/60 ©)6/810)00:a)'6 10) 6/0) 6) 0/ 018) ele/a) esis [e!6/e aieleleisieleiele (24) 

Ovo 00 
= ann? Uiaece si avele(eleielaieieloiciaielolkieletereletelelsnereteteteleievereieieleneiere (25) 

the two other solutions being of the form 

+0 +00 
CG, => DF €; Cte , Vie >» Ces (Genes sloie: olelel eiievelleiele/arer exolerelelerene\ofereiere (26) 

+a +2 
CO; = > esc et) Ver — Dh ens Gtalac: eeorere CO ero reoreereeeevece (26’) 


where c is a certain constant. 
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Substituting the expressions (26) into the variation equations, and equating to zero the 
coefficients of the several powers of f, we obtain the equations of condition for ¢,;, e, and c 


[(22 sp Lb ar lea) 4 ce)? —m? + ag | 9 oF Bie ar 2 la; (€,-; a E+) 3 Bye #3 ae B_3€ 4-5] =O, 
oS eon) 
[(2¢ — 1—m + c)?— m? + ap] e’_; + Boe; + 3 [as (€_s43 + +3) + Byes-s + Beis] =0, 
g= 
which are to be solved by continued approximation. 


Since the equations (27) are homogeneous in respect to e, and ¢/(¢=0, +1, +2, ...), we can 
impose on these quantities one arbitrary relation. Following Professor E. W. Brown, we put 


€) i=l POCO e meer e rere reser e res ereereeresesesseesseses (28) 


We start to solve the system (27) by neglecting all the unknown quantities, except €, 
and c, and find at once the first approximation 


eo= {+ 3 km? + ..., & = —3 +3 km? + tees €— 1 4 2 Aan 


Repeating the calculations three times more, we obtain 


c=r1+m—2ém+ (3 — 252) dma (34+ 2244 SBM) kmt te, eee, (F) 
& =;+ 3 km? — (3 — rok) km? a (2- oe eh ee h?) km! +..., 
Gite — 34 3 km? — (3 - 2322) km? + (2 — 3h + 03 emt +... 
g = 5k? + Zem? + (3, + 4) Amt + ..., 
j= 5 Am? + 2% Am? + (5°38, — 2 2) kt + me 
c= — Bam — (25 + 32) km? (34+ 2 + GEG MH) hm 
S (355, 32 f en 2 + 93285 #3) Pinte en tla oarae ee (G) 
ei! =Shm +(2 + 332) dm? + (2% + Bk + GR) km? 
tM RE SOE pot, 
@ =iem+.., ¢.=-p em (264+ 2) Pmt ..., 
Jd.=2, emi +..., ef =45 bm + (2 + B32) emit ..., 


Coors eo reese eereesce sesso eo i j§g@- C808 F ee eseereHeoeroeeeeeeeeeereoreo eee eee Heseee 


This result can be verified by means of the Jacobian Integral (10), which after substituting 
v=uy+U, o=0,+ V,and neglecting the powers of U and V beyond the first, gives 
8C=Do,DU+ Dy DV + (2Do,— Day) U + (2Du—D*%) V=constant. ...(29) 
If we put V=U,, V=V,, and make use of the expressions (11) and (26), we notice that the 
constant SC vanishes, due to the presence of the variable common factor ¢ in the right-hand 
member of the equation (29). Finally, equating to zero the coefficients of the several powers 
of , we obtain an infinite set of the equations for e;, e, and c, 
> [(47 +24 22+c + 2m) ei, + (47 + 2—22-c + 2m) e_44;] (27 + 1) Qe5 =O; 
TJ Oy FET ney geese oes (30) 
which were actually used to check up the expressions (F) and (G). 
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SrcTion 5. Tue Form oF THE GENERAL SOLUTION OF THE EQUATIONS (9). 


Suppose the general solution v, o of the equations (9) has been expanded in powers of a 


small parameter e: 

V=VUp + Cv, + Pug +... $e’UZ+..., T= + COy + C7o_ +..-FE'T; FH --.  oveeee (ap 
The terms depending on the first power of e, namely v, and oy, satisfy the variation 
equations (19), and, therefore, they should be represented as the linear combinations of the 
particular solutions found previously. 

We put 

vy =a (U,e-PN 1+ yew), o,=a(VyePV 1 + VierN >), a = constant. ....2-(32) 
After the assumptions (32) and (28) have been made, the arbitrary quantity e defines the 
eccentricity of the ‘‘Moon’s” orbit: it corresponds precisely to the constant e used by 
Professor E. W. Brown in his Lunar Theory. Another arbitrary constant, w, gives the position 
of the “Perigee” (or ‘‘Periastron”) in respect to the x, y coordinate system. 


From the results of the Luxar Theory* we conclude that, in general, v; and o, will be of 


the form 
v;= ad; Bre, j,1 Gee eta oO;= ad; drs, <f=ih, i (2it 1410 gta NT occ ccesscece (&} 4 
; O, +2, +4,..., when z is even 
JO, sey 2; ey (=| ; 
Bi I, +3; Se Sip eke 9) 9 UZ 9) odd 


c involves the even powers of e, 
C= Cyn ve test Ct Cpa eee pee tanec ae ranean emaree Aes (34) 


Since c is regarded now as a function of e, the operator 2, when acting on », and 
o;(z>0), will produce terms factored by even powers of e. We can write 


Dy =) Vie OC 19, ¥., Do,= Dyo;+ oC a, faleisilolelle eretsiieleieisiclalelaicielets (35) 


where D,v; and Yo; are the principal parts of Dv; and Do; respectively, and 


OCS C=C, = C2C, > C1C, a Fadel sean ke ee ee ee (36) 
The operator J, can be defined also by 
ie OG 
SE as Fe atevelolatalolelcletelsiieicieiselsl<lejererele siete ee ercrcccrscces eye) 


where re means 7 as contained in (°. The expression ¢* is regarded as a constant with respect 
to the operator D,. 


Substituting the series (31) into the equations (9) and equating to zero the coefficients of 
the several powers of e (the expression (¢ being left unexpanded), we obtain the set of the 
linear differential equations for v, and o;: 

D Pv, + 2D, v; Av; Dora, Dio, - 2D,0;+ Ao; + B'v;=Q,, cee ccecce (38) 


where P; and Q; are the expressions involving the functions : 


Up, Uj, Ug, +++,» Vit, OQ, Fi, De, +++, Di-y, Dygv;, D,Dyv;, D20;, Dyo;, D, Dayo; Do; 
(7=1- 2,¢—4,7—6,... >0), and the constants Co, €), Cy, .., Cn @—2= 2727-1), each of 


* E. W. Brown, Lunar Theory, Cambridge, 1896, Chapter XI, pp. 206, 207. 
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the equations (38) can be reduced to another by changing the sign of the independent 
variable 7. Hence 


P,(t) =O; (—7). 


Similarly to (31) we can write 


eo ete CA tens Y= Yap Vir ve. OY; eveyone rect inane (39) 
a, and y, being related with v; and o; by means of the formulae (5). Hence we find from 
(32) and (26) 
A =aa' {> ,€; cos [(2¢” + 2 — 22’ —w) (¢—4) —w] + S,€/ cos [(27" — 220! + w) (¢—2) + w |}, 
jy = aa’ {3,€; sin [(22 + 22 — 20n' —w) (¢—t) -—a@] + Sie/ sin [(22— 27n’ + w) (¢—4) + aI}, 


sateen (40) 
c 
where =n{(1— Bae oh. Sate eee cee. Sanse te eee ncaa I 
es “ 
The constant » expresses the motion of the Apse. 
Using the value of c given by (F) to the fourth order of m, we obtain 
| 23 3 225 Oe 675 
== 2km? — (2-2 £) amt + (24+ b+ BM) amt + cee cetseeceeeeee (H) 
If we introduce a new parameter, #=m'/n, instead of m, the expression for # becomes 
as pit) SAS) 
BE BAM rere) rice toca cemeeieeeenten (I) 


A remark can be added in reference to the Lunar Theory. The expressions (H) and (I) 
for a particular value of 2, namely £=1, become identical with those found by Delaunay and 
Hill for the motion of the Lunar Perigee*. However, it should be noticed that in the actual 
case of the Moon & = 1—0'00000303. Using this numerical value of 4, we find that the annual 
mean motion of the Perigee, computed on the assumption £=1, should be corrected by adding 
~ 066, which agrees with the approximate estimate, given by Professor E. W. Brown in his 
‘““Note on the Mean Motions of the Perigee and Node ft.” 


SEcTION 6, THE METHOD For THE HIGHER APPROXIMATIONS. 
We have already obtained the approximate solution of the equations (r) 
a =aa! {3,a,c0s [(22 + 2 — 2tn’)(¢ —4,)] + ed, €,; cos [(22% + 2% — 222'— w)(t—t)) -—a] 
+ eS,e/ cos [ (22 —222' + w) (t—-%) +a] + ...}, 
y =aa! {3,ao; sin[ (22 + 2 — 20n’) (¢ — do) | + eX, €; Sin [(2¢ + 22 — 22n'—w) (tt) — w] 
+ ed,e/ sin[(27 — 227’ + w)(¢—%)+a]+...}, 


which involves the four arbitrary constants 4, m, e and w. The values of a, ag;, €;, €/ and a, 


..(42) 


expressed in powers of m, are given by (C), (A), (G) and (H). 
We want to extend this result by adding the terms depending on 
(1) higher powers of e, and on 
(2) higher powers of 7/a’, which were neglected in writing the equations (9). Later we 
shall have also to introduce the solar eccentricity and the inclination to the “Sun’s” orbit. 


* G. W. Hill, “Literal Expressions for the Motions of the Moon’s Perigee,” Annals of Mathematics (U.S.A.), 


Vol. 1x, 1894, pp. 31—41. 
+ Monthly Notices of R.A.S., Vol. 57, pp. 566, 567. 
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Any extension of the solution, as far as the coordinates x, y are regarded, will reduce to 
finding a particular solution of the equations of the form 
PPU+2D04+AU+BV=P, PV -2D) Al Es CO -O (43) 
where U and V are the terms sought, P and Q being known functions of 7. The coefficients 
A, B and B#' are given to the fifth order m by (21), (D) and (E). 


Applying to these equations the general results of the Theory of Differential Equations, 
we find 


GLE nd, {EP +20) Phe ny, [Ge P + 9) i eee 
we eee (44) 
where BS DOGO, ae Oe). CEN ee eres eee (45) 


Cm Coe a aes 
DY ee NC me 
eae ome a do 
Ay;, Ag: being the minors of A, and U,, V; are the particular solutions of the variation equations 
(19). This result can be simplified in the case considered, due to the particular form of the 
equations (43). Professor E. W. Brown has shown* that A= — Cy,C, and 
An = — V2Coa, Ay,= — ViCsa, (Ba VCre, Ay = — V3Cyp, 
Asi = — O2Csa, As. = — U, Cra, A33 = — Cre, Agy = — UsCiz, 
where 
C.=(V,DU,-—U,DV,) + (O,DV,-—V,DU,) + 2(U,V,— U,V,) = constant, ) on 
C=, DU, = U,DV,)4(U,DV,VDU,) = 2(U,V,— U,V) = constant | 
Considering the expressions (25) for U, and V,, we shall introduce two different notations 
for m; namely, 
(1) in the exponents it will be denoted by m,, and 
(2) in the coefficients a and a,; by m’. Hence we can write 


Ovo 0Uo OU ins 


0 
eae V,=— 7 -— Dov. (48) 


pie ae Be ULees Bra ape TOe 28s are enomarnaetn 


C= 
If we substitute (48), (24) and (46) into (44), and get rid of the explicit s—by means of 
integration by parts—we obtain 


1 


U= C-(CDv~ Cast) + A (GU1- GU), V= e(GDoy- C523) + 2 (GUGM) 
Cis Co C34 


dm’ (oe om’ 
seediatircs (49) 
saheres C= (P <u +0 = $2 C) tg ohey os | (Pde RODuyar 
ek eeae (50) 


= [PV Oe C= [(PMs+ OU) va 
¢ being an arbitrary constant, the value of which we shall choose—if possible—to make the 
result free of the secular terms. 


* E. W. Brown, Zhe Solution of a Pair of Simultaneous Linear Differential Equations, Trans. Cambr. Phil. Soc., 
Vol. xvill, 1899, pp. 94—106. 
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Ovo 
The functions — ana” Ss can be expressed in the form 


om 
Ov a 2641 80 _ 241 
Bal mee ; ipa = ¥, b_ 2i— ave alereloievore ele) sievelo'S.sialclatelevereiere (51) 
AA>; iss ae 
h — Zs a ae . a eeees . ##+*@@@ee88 c#8#@e# eee? eeeeee eee ee eee 
where O;= mM re +m se (52) 


Using the values of a and ay,, given by (C) and (A), we find 


bg =2—?m+(=- <2) m® — (7 — 2) m*+ (2-244 22) m s_(G- 2h +133 2) m m>+..., 

b, =; km? +H kms + (5 — 5 2) Amt + (24 — 2b) hm? + 

i ha GR Ege at) is ay J) 
bd, — on se pei, OR OU kM He Or kmi+..., 


Pees e ee eee Hee eee HSH EE ESSE HT EHEHEHHSHOH OTE H ==~—§ SHEFF ETOH HEEEHEHSHHHE HEHEHE EHHOHHESHHHH DEH EHH HHT HOH OHHH HEHEHE EEE EHEO OEE 


These expressions enable us to compute the constant Cj,, from (47), to the fifth power of m: 


Ca= 3 [F-f Am? + Set — (4 - 49° £) kmt + (24 Dk) Amit... |. cee (K) 


3. 64 3 9.8 


[We can obtain the same result (K) in a different way. If we differentiate the Jacobian 
Integral (10)—after putting v=v), o = o»—partially with respect to m, we find, by making use 
of (29), the following expression : 


oC = Day DU, + DD V+ + (2Do)—D?o») U, + (2D) — D?v9) Ware coe cece (53) 
which after the comparison with (47) gives 
EG 
| C.=— Fe (54) 
C can be easily computed from (13’). | 
Finally, we compute C3, from (47) and (G) to the fourth power of m. The result is 
Gum [b+ fm (Sp A) bts (8 9) A 
— (3+ Ge bt RB Bt ens Ae eed eaters (L) 


All the expressions involved in the right-hand members of (49) (except P and Q) are 
already known to the fourth power of m, and some terms of the fifth order are also given in 
order to secure the required degree of accuracy in the case when small divisors arise. 

The formulae (49) are applicable to the solution of the equations (38) if we remember that 
the expression ¢°° is to be treated as a constant during the integration. Thus the terms depend- 
ing on the higher powers of e can be obtained by a straightforward process. The more 
detailed discussion of those terms will be the subject of a later paper. 

During the progress of this work, I have had the advantage of frequent consultations with 
Professor Brown, to whom I express my sincere thanks. I am also greatly indebted to the 
International Education Board for the opportunity to carry out this research. 


JUne; 1927. 
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THEORY”OF THE EIGHTH SATELLITE OF JUP URES 
By ERNEST W. BROWN. 
INTRODUCTION. 


The problem of obtaining a general orbit for the motion of Jupiter’s eighth satellite is one 
of the most difficult in the solar system. This is due mainly to its large eccentricity, large 
inclination and large ratio of its mean motion to that of Jupiter. Theoretically, the problem is 
similar to that of the Earth’s moon, but the known methods which enable us to get high accuracy 
in this case would lead to interminable calculations in the case of the eighth satellite; in any case, 
they would need considerable changes if they could be applied at all. 


The problem was originally attacked some six years ago rather from the point of view of 
attempting to see whether the equations with the true longitude as independent variable could 
be usefully employed on the problem than with the idea of carrying out any complete solution. 
But as the work progressed it began to be evident that a solution could probably be obtained 
which could be used for comparison with observation. In this first part the general theory and 
its application to the calculation of an intermediate orbit is given. This orbit appears to include 
a considerable number of the principal eee and forms the basis on which the remaining 
perturbations may be found. 


Laplace and, following him, Plana had used the projected true longitude on the plane of 
reference as the independent variable, and the time, the projected radius vector and the distance 
above the plane as dependent variables. The published work gives little encouragement to 
continue on this line especially when the inclination is large. Hansen’s method could possibly 
be used, but his introduction of the barred letters to solve the equations would certainly lead 
to very lengthy calculations. Delaunay’s method, requiring a literal development in powers of 
the eccentricities and inclination and ratio of the mean motions and of the mean distances, is 
not available on account of lack of convergence. The method of Hill and myself, the origin of 
which, like that of practically all methods, is to be found in the works of Euler, substantially 
demands development in powers of the eccentricities and inclination, and it is doubtful whether 
it can lead to a real solution without very considerable modification. The key to the situation 
is given below, where it is definitely shown that the coefficient of the term, whose argument is 
the difference of the longitudes of the apses of the orbits of Jupiter and of the satellite, is not 
expansible in powers of the eccentricities and inclination. 

An examination of the theory of Delaunay shows that the two parameters along powers of 
which convergence will be least rapid are the ratio of the mean motions and the eccentricity of 
the orbit. The idea of the present work was therefore to include all powers of these from the 
start by giving them their numerical values and, instead of the usual plan of using a periodic 
orbit as an intermediary, to retain all multiples of two arguments, those of the elliptic terms 


I-2 


48 THEORY OF THE BIGHTH SATELLITEVOT [ORT Ls 


and that of the variation. We then have a doubly-periodic intermediate orbit. But since 
numerical values were to be used I included also such portions of Jupiter’s eccentricity and of 
the inclination as could be retained without altering the form of the solution. This has had the 
effect of getting values for the mean motions of the apse and node which are probably, with 
the assumed values of the constants, quite close'to their actual values. 

To illustrate the last point, let us return to the question of convergence. It has been usual, 
in obtaining an intermediate orbit, to neglect certain parameters. This process implicitly 
assumes that we can develop the theory in powers of these parameters. Of the parameters 
used in the lunar theory, the only one which causes trouble is 7, the ratio of the mean motions, 
and this is on account of the large numerical multiples which sometimes are attached to its 
powers. For example, in the integrations we come across divisors 1+4+..., where & may 
be 4 or greater. Such a divisor expanded in powers of m gives a sufficiently slowly convergent 
series when 7 =‘08, as in the lunar theory, but when m= —‘17, as in the present problem, the 
expansion is almost useless for numerical calculation. 

But there is more to be said. In general the divisors have the form 


S=Pothe tha P tiafaprt {re ts 

where fy, fi, --. are functions of #. In the lunar problem ¢, y,... are sufficiently small to 
permit of the expansion of 1//in powers of ¢, y*,..... In the case of the term with argument 
aw —z’, where a, w are the longitudes of the apses of the orbits of Jupiter and of the satellite, 
this cannot be done, as I have shown earlier*. In this case, /,= +'0028 (4c.), and I pointed 
out that Delaunay’s literal series indicated that the sum of the remaining terms in / was about 
twice as large as fj and that it had the sign opposite to that of /;. This rough estimate is 
quantitatively confirmed here. As it is impracticable to retain such divisors in a literal form, the 
only choice open to us is to give the parameters their numerical values throughout the work. 


While it appears likely that the procedure adopted here will lead to the desired end, there 
is a serious handicap in our deficient knowledge of the constants of the orbit. The only deter- 
mination which appears to be based on sufficient data and to be suitable for this theory is that 
of J. Trousset, whose work on the theory and on its comparison with observation is referred 
to in § 6 below. The perturbations are too large and numerous to permit of the use of the 
constants of an osculating orbit unless very extensive calculations be made. How nearly these 
constants approximate to the true values it is impossible to say since, as far as I know, M. Trousset’s 
orbit has not been applied to the later observations, and the satellite is now lost—for the second 
time. 

It may be asked why, under these circumstances, the present calculations have been taken 
to five or more significant figures. The answer is that the coefficients of the long-period terms 
are obtained as the ratio of two quantities each containing m or m? as a factor. In a literal 
development this factor may be divided out. In a numerical development we can only obtain 
the required degree of accuracy by increasing the number of places of decimals and this 
increased number must be used from the start. Exactly the same feature occurred in the lunar 
theory where, to find a few of the higher coefficients to two or three significant figures, it was 


* Astronomical Journal, No. 817 (1924). 
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necessary to use ten at the outset of the work. Instead of five places being too many, my hope 


is that they may be just enough to obtain the larger perturbations with sufficient accuracy for 
observational comparison. 


As to the answer to the original object of the work, the results indicate that it is favourable. 
The method is laborious but I know of no other* which would be less so. How heavy the 
numerical work has been and will be may be partly judged from the examples of analysis and 
synthesis which are shown at the end of this first part. Such operations have constituted over 
two-thirds of the work, and several scores of them have been carried out. As in all such work 
where improvements are made from time to time, the labour could have been much reduced had 
the final plans been adopted at the start. One feature of the present method is the possibility 
of adopting an improved plan at any stage of the approximation with comparatively little 
additional calculation. This method would not, however, have been of practical value without 
the reduction of the double harmonic analysis and synthesis to a simple set of operations which 
could be carried out rapidly and easily: the final form is the result of numerous trials. 

In much of the work of problems in celestial mechanics the fundamental theory and the 
method of approach are not difficult to develop: success depends very largely on a previous 
knowledge and anticipation of the difficulties which will be encountered. An instance of this 
may be given. Ordinarily in making approximations we find the changes of the variables by 
forming the equations of variations and calculating from them. Here it was much less laborious 
and the control of the calculations was made firmer by using the original equations and 
substituting an approximation in the terms with small factors in order to get the next 
approximation. Thus, at each step, the complete values of the coordinates were obtained 
rather than the differences from the previous approximations. The equations of variations are 
being used for the further work under way, but the coefficients of the unknowns are now fully 
known and are calculated once for all from the results given below. 

The greater part of the earlier harmonic analyses was carried out by Mr Charles F. Davis 
while he was acting as my assistant some years ago. The remainder of the work I did myself. 
The whole of the numerical work of the final approximations has been carried out by Dr D. 
Brouwer, to whose ability and accuracy the final results owe much. This later work, carried 
out during the past year, needed more effort than had been expected when he began. Owing 
partly to the long interruptions which had occurred since the start, errors had crept in and the 
presence of these required more than the one final approximation which had been contemplated. 
I must also thank Mr J. Jackson of the Greenwich Observatory for the use of the unpublished 
manuscript in which his attempt to utilize the theory of Delaunay is set forth in detail. I may 
add that the initial impulse to undertake the problem arose out of a conversation with him. 


Vale University, 
1 February, 1930. 


* With the possible exception of a new method which has been under examination during the past few weeks. 
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DEVELOPMENT OF VERE tnOkhe 


§ 1. Motatzon. 

7= time: 

v = distance of the satellite from Jupiter. 

LET 

¢= inclination of the osculating plane of its orbit to the plane of reference. 

T= 1 —cosz. 

6=longitude of the ascending node of this plane on the plane of reference reckoned 
from a line fixed in the latter plane. 

v= Jovi-centric longitude of the satellite reckoned along the plane of reference to the 
node and then along the osculating plane, in the direction of the motion of the 
satellite. 

v = Jovi-centric longitude of the satellite reckoned wholly in the osculating plane from 
a departure point in that plane, so that 

v =u—{(1—cos 2) a6. 

Dd) dv. 

# =sum of masses of Jupiter and the satellite. 

wR = disturbing function due to the Sun. 

y' = distance of the Sun from the centre of mass of Jupiter and the satellite. 

v’ =longitude of the Sun as seen from Jupiter reckoned in the direction of the motion 
of the satellite. The orbit of Jupiter is taken to be an ellipse in the plane of 
reference. 

m= mass of Sun. 


g =an auxiliary variable defined in the beginning by the equation 


(= 
g at 


n,m =the mean angular velocities of the satellite about Jupiter and of Jupiter about the 
Sun, reckoned in the sense of the motion of the satellite, so that ’ is a negative 
quantity. 

a, a’, defined by e=p, n'a? =m! +p. 
—¢, —#’=mean longitude at epoch and of the apse of the Sun’s orbit about Jupiter reckoned 
in the same sense as the other angles. 
e’ =eccentricity of the Sun’s orbit. 
The motion of the satellite is retrograde. All angles will be reckoned in the same sense as 
the motion of the satellite. 
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§ 2. The equations of motion with v as the independent variable are* 


2g70R 
D 542 Kany? U v+D1 (TD6) sfolalerelelctersterslstelers lelelersielsielere (2 If 2) 
ok  Duok 
; 2 ee 
LPPut+u-g= Ws an (2.3) 
Si 4) = “pa es 
Dt (2) = (Tg 4)=-% 6° DO -. Bp eee (224525,.0) 
The mass of the satellite compared with that of Jupiter will be neglected. Then 
, tf iS 
pe m se 
i (+72 arr’ S)t Tags 
mnt 
5+ (gS b+ i? ®(ES8—3 8) jean gue a stonees Naeese wee qene (257) 
in which S = cos (v — 8) cos (v’ — 8) + cos zsin (v— 8) sin (v’ — @) 
=(1 —431) cos (v—wv’) + 410 cos (v+ uv — 26), 
so that 
2S?=1—-T+41?%+(1 —4$1)? cos (2u— 2v’) 


+ (1 —4D) I {cos (2v — 20) + cos (2v’ — 26)} + 41? cos (2u + 20’ — 48). ......0.. (2.8) 
By their definitions w, g, A are of dimension —1 in length, so that if we put wa, ga, Ra for 
a, g, R in the above equations, none of them except (2.4) is altered and (2.4) becomes 


LIE GR geese ty Se co ean eee (2.49) 
De aad ip epee 
pee Gn IE 2 EE UE See eo ye eZ 
Put manga) z, Mee aay Ts GA ee 4_ ce) Reralicrerevete (2.9) 


The value of # to be used in this first part of the theory as explained below is 


k k , / 

ie ee Re al" —4T)? cos (2v—27/t+ 26). ...eesseeeeeee (2aro} 
With this value of 2, the equations of motion become 
io le va , , 
Dg=(1-430) ares Si (20 27 FA 2€ | ees cen dates eee (2.11) 
Put+u-g= = (£-14+4I")-(1-4T)P ye cos (2vu—2n'¢+ 26) + “1 Du 

eee (2.12) 
—1p9 = (r— 19) +222 (P— $I?) 00s (20— ant 426), cocccscscceee (2.13) 
n Dt = u-, T=y¢}, Cres ects /) 2) TD tae ae eee OCORCTER I) 


§ 3. Method of Solutzon. The plan adopted depends on first finding a solution of the 
equations when certain portions of # are neglected. 

(a) The first term of in (2.7) contributes nothing to the equations and is dropped. The 
ratios of the third, fourth, ..., terms to the second are of the orders a/a’, (a/a’), ...; the second 
term is alone retained. The approximate value of a/a’ is ‘03. 


* V.N.R.A.S., Vol. XC (1929), p. 6. 
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(6) The value of S? in this second term as given in (2.8) contains terms involving the 
argument 6. These terms are neglected. 

(c) It is shown in § 4 that the functions of v’, 7 present involve the two angles —w't+eé, 
—n't+e¢—za’. The terms containing the latter angle will be neglected. 

We have thus confined (2.7) to its second term and (2.8) to the terms in its first line. We 
have to find the effect of the limitation (c). 

The motion of the Sun about Jupiter is given by 


dey’ du’\? m +f LEI ees ra 
DEO) pe eg, Oe a 


ay fy’? ne! of ie, 


7 are ea a ee (323) 


Put g’/= —2'¢+¢'—o’. Then the solution of these equations is 


so that 


—v =—wt+e4+2e' sino’ +e? sin 29’4+..., 
alr’ =1+e cose’ +.... 

The function (a’/7’)? is to be expressed as a Fourier series with argument g’. The constant 
term is obtained from (3.3) by noticing that @?7’/d# has no constant term and that the constant 
term of dv'/d¢t is z'’. From (3.2) and the relation 2?a%=m'+/, we obtain for the required 
constant (1 — 2), 

The function (a’/7’)8 cos 2 (v—v") may be written in the form 

A cos (2v — 2n't + 2¢) + Bsin (2v— 2n't + 2€), 
where A, & are Fourier series with argument g’. The constant term in &@ is zero, while that of 
A is 126% 4 Set — 3 c+. * 
Thus, since 7 is limited to the term 


gm! ae n= a’ 


(ee Sa 


pau? 
after the changes af for K and au for wu have been made, the limitation (c) gives the form (2.10), 
where £,, &, have the meanings (2.9). 


The solution with the value (2.10) for A constitutes the intermediate orbit. The calculation 
of this orbit is the object of the portion of the theory given in Part I of this memoir. 


§ 4. Zhe Form of the Solution. When ¢ is the independent variable it is known that, with 
the limitations adopted, two angles, namely, twice the difference of the mean longitudes and the 
mean anomaly of the orbit of the satellite, are alone present. Let these angles be 


2(ut+e)—2(wv/t-e), nt+e—a,nt—a, 
where w,, @» are constants. Now 
v=nt+e+ periodic terms. 


* A. Cayley, “Tables of Developments of Functions in the Theory of Elliptic Motion.” Mem. R.A.S., Vol. XXIx (1860), 
P.272: 
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If then we transform to v as the independent variable, the corresponding angles will be 
nw’ 
2u na - =) +const., v(I —#,)+const. 


- But we have =v+/TD6.dv =v +(CD6)’v + per. terms, 
where ([@)’ is the ‘constant portion of [D6 when it is expressed as a sum af periodic terms 
with arguments depending on v. Hence, when v is the independent variable, the angles will be 


2€= 2v ( -- at + ([D6)*} + const., 


Z=v(1—@,) {1+(CD6)}+const., 
the constant portions being arbitrary constants of the solution. 
The equations of motion show then that 
w, g, 1 have the form ap + %,, ;@, cos (27€ + 22), 
t, 0 have the form av+ 8+%,, 0, sin (27€+ 22); 
WM NELE =O, 1, 2.8.50 0, il; + 2,45., and a, B;.a, 


» 9; are constants. 


§ 5. Definztions of the Constants. The constant x is to have precisely the same meaning as 
it has when ¢ is the independent variable. From the results of the last section we therefore have 


t= - {1 + ((D6)\ + const. + periodic terms, args. 27&+ 22. 


The numerical value of z is supposed to be known, while that of ("D6)’ has to be determined 
by approximation during the course of the work. This value is finally found to be — ‘00310, 
but as nearly the whole of it is obtained from the first approximation, the difficulty caused by 
its presence here and in the arguments €, Z is easily surmounted. 

As in all satellite problems, the motion of the apse in the argument Z has also to be determined 
by approximation. Here the approach to the final value is less rapid and the value of D/ needed 
when the equations are integrated must be redetermined at each approximation. 

The eccentricity in disturbed motion will be defined as the coefficient of cos Zin the expression 
of u/q as a sum of periodic terms with arguments 27€+7/, This is the actual eccentricity in 
undisturbed elliptic motion. 

For the inclination we note that when @ is absent from A the integration of equation (2.5) 
gives [q~?=const. = y, so that 1—cosz=yg*. It is supposed that the mean value of cos 7 is 
known. The mean value of g* is determined during the course of the work and thence the 
value of y is found. In undisturbed motion, 1/¢=a(1—é) or 1 —é? with the adopted units. 

Since the angular constants are retained in a literal form throughout the solution, it is not 
necessary to define them until comparison with observation is undertaken. 


§ 6. The adopted Numerical Values of the Constants. From well-known sources we have 
= 048374, log m’ —log (m' +/) =9°99959. 
For the ratio of the mean motions [ adopt 
Lie TPIT 71. 
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With these values we have from (2.9), 
log 4, = 8°34303, log 4,=8°33896. 
For y, the adopted value is vy =i Tad ae 


At the end of the work the mean value of g? is found to be 11033. The mean value of T 


is therefore +1448 corresponding to an inclination of 31° 13’. 
The eccentricity in disturbed motion as defined in § 5 is given the value 40000. 


These values are taken substantially from a paper by J. Trousset, entitled “Etude semi- 
analytique du mouvement du huitiéme satellite de Jupiter*.” In this memoir, an approximation 
to the orbit has been obtained by following the method used in the lunar theory by G. W. Hill 
and myself with certain modifications adopted by Andoyer. In the later part of the memoir 
M. Trousset compares his theory with the available observations. As he points out, his theory 
is only a first approximation, and consequently, the values of the constants which he obtains can 
only be regarded as rough approximations in spite of the laborious character of the work. Owing 
to this fact, it did not seem useful to undertake a transformation to the true longitude as inde- 
pendent variable in order to obtain the constants which should be used in the present theory. 
Hence the numbers used here are approximate adaptations, the constant of eccentricity being 
given the exact value 2/5 for convenience rather than a value which appeared to be within 
I per cent. of it. One must expect changes of at least 2 or 3 per cent. when comparison is 


made with observation. 


§ 7. Method for solution. The method adopted is wholly one of continued approximation, 
based on the fact that the constants £,, & are small (about -o22). In the first approximation 
we neglect 4, &,; the motion is then elliptic. The elliptic values of the variables are substituted 
in the terms containing £,,, and the equations are solved again. The new values of the 
variables are again substituted in the terms containing 2,, £,, and a new solution is found. The 
process is continued until the difference between any two successive approximations can be 
neglected. It would have been possible to form the equations of variations and to use the 
difference of two successive approximations, but the adopted method was found to require less 
calculation and to give increased security against errors. 


In general, the order in which the variables were found is that of the equations (2.11) to 
(2.15). But it was found that one approximation to ¢ was sufficient with two for z, g and that 
T, 1D, v had to be computed anew even less frequently. 


§ 8. The First Approximation. For this we have 


1+eécosZ I L 
cacy wae?) Me badge CN Sh 


ee} 
nt+e=v—2esin/+é 142vi-é 


with 7=x¢t+e—a. The numerical values of ¢, y given in §6 were used. 


* Ann. de? Obs. de Bordeaux, Vol. XV (1915). 
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§9. The Second Approximation. We substitute the elliptic values in the terms containing 
Rik. PUt 
2u—2n't+2é=2€&+4+P, 
where 2€ is the non-periodic and P the periodic part. We have 2D€= 2°342342 and P a sine- 
Fourier series with argument 7. Write 
sin 
cos 


n 


Si . cos 
*_ (2v— 20+ 2¢) = cosP 2&€+u* sin P——— 2€, 
S —sin 


and express u*cos P, ‘sin P by harmonic analysis as Fourier series with argument Z, for 
A= —3, --4. After completing the calculation, the terms are expressed as sums of cosines or 
sines with arguments 26, 2/, 2€+72/. 

For g we obtain, with D (2+ 27) = 2°342342 +42, after integration, 

g=(t—&)~*#(1 +89) + sums of cosines, 
where 6g, is an arbitrary constant to be determined later. : 

This value of g is substituted in the equation for w. Before the substitution it is better to 
put, in the terms factored by £,, 4, w=(1+ecos/)g, so as to make full use of the second 
approximation to g; 89 is neglected in these terms. 

On integration we get 
a,; cos (27€ +22) 

I —(2°34237+2)?’ 

where 7=0, I, 2,...,2=0, +1, +2,..., with the exception of the term a,)cos Z which furnishes 
a term ayvsinZ, To avoid terms of this form we adopt the usual device of assuming that the 
coefficient of v in the argument Z is not unity but 1—a. If then we try the particular integral 
u=ecos/é for this term we obtain 


u=(1—e)~3 (1 +69) + 99 + = 


é—€(1—a)?=ay, 
or a=1—(1—aye7?)? 
which determines a. The integrating divisors are changed by putting z(1—«a) for z, before the 
equation for w is integrated. 


The values of ~, g are now substituted in the equation for ¢. As 89, is small, we neglect its 


) 


square and obtain 
nDt=1+8—269,+ periodic terms, 


where £ is the remaining constant portion. The equation is then integrated. 
The equations for 'D6 and v are next integrated. We obtain 
v=v+(CD6@)’ v + periodic terms 
no constant being added; ([@)’ is the constant term in TL. 


The non-periodic part of ¢ is 


(1 + B— $890) v= ~ {1 +B -$8y0—(LDO)'} 0 


z 

n 

approximately. In order that this may be equal to v/”, we put 
369,=68-—(TD8)*, 


which determines 5g), and completes the solution. 
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§ 10. The Third and Higher Approximations. With the values of the variables just obtained 
we proceed to a new approximation. All the functions now contain the angles 27€+2/. No 
change in the method is needed. A further approximation to the motion of Z, in solving the 
equation for w, is made. In the solution of the equation for g, the arbitrary constant is put equal 
to 819 plus the value used in the previous approximation, and 6,9) is so determined as to make 
the mean value of za¢/dv unity. 

The rate at which the approximations approach the final values is much slower than is 
indicated by the value -022 of £;, £,. This is due to two causes. 


The first is the presence of considerable numerical factors. For example, the equation (2.11) 
has the factor 4 and an error in 6z will produce a further factor 4, so that the error is multiplied 
by 164,='35. There is a factor 1/2 which arises when we change a product of a sine anda 
cosine to the sum or difference of two sines so that the factor of the error is reduced to about 
1/6. The factor of the error in the right member of (2.12) is much less. 


The second cause is the presence of small divisors (see § 12 below). Alone these do not 
cause much trouble in the most important terms, since they do not go below 1/3. But in com- 
bination with the first cause we get a factor of 48, completely neutralizing the effect of 2. If it 
were not for the fact that the errors do not combine in any one coefficient—as can be shown 
from the forms of the equations—it would be necessary to adopt some method for avoiding the 
difficulty*. However, the numerical work showed that the second cause merely localized the 
first and that each successive approximation gave a gain in accuracy of about half a decimal 
place, that is, two approximations gave one additional place. In the later stages, however, it was 
found possible to make estimates which much increased the rate of approximation. 

In general five places of decimals in the calculations, when the value of the function was of 
the order 1, have been used. In the final approximations, however, the work was carried to six 
places, mainly to avoid the accumulated errors due to the numerical operations. 


§ 11. Calculation by Double Harmonic Analysis. Since complicated functions of the 
variables are present and since expansions by Taylor’s theorem are not practicable, the method 
of double harmonic analysis was used in a form which I have already outlined} but repeat 
here, since the possibility of applying the method of this paper depends on its use. 

The problem is the expansion of a function, /(0, $); of two independent angles 8, ¢, in 
sines and cosines of the multiples 46+ 9. There is no theoretical novelty about it as it is 
simply a double application of the ordinary single harmonic analysis; practically, the problem 
resolves itself into a question of economy in the work of calculation. 

I suppose that to @ are given the 7 special values a, and to ¢ the & special values ,, and 
that the value of /is obtained for every pair of the 7& values. 


The analysis is made in the form 


S(9, d)=A+B+C4+D, 


* A device for this purpose is being adopted in work for Part 11 of this memoir. 
TAGN. Ass, Vol, LXXXV IM, py O31. 
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where A =2a,,cospO cosg¢, C= %¢,, sin £0 cos gd, 
B= 6,,sin pO sin gd, D=Xd,, cos 6 sin gd, 
iewhich J=0, 1..57—1,  G=o, 1, .. k=. 

The process to be followed depends on the nature of the function and the special values 
adopted. All the functions used here are either cosines or sines, and it appeared to be necessary 
to go as far as 8€ (corresponding to 48) and to 8/ (corresponding to 8d). As there is a great 
advantage in using 180+a, 360—a if we use a, the values 

G= 6, TSO 90, 270, 60, 300, 120, 240) 

Gr Ow 150) (90,1 | 00, 120,30; PSO, 45) 1a, 
were chosen; since the function is either odd or even the value 360—¢ will only reproduce 
values already present. There are 66 different values of an even function. 

The values of / for each value of @ are arranged along a line in the order for ¢ as given, 
and the eight lines for the eight values of 6 follow the given order for 6. We have either 
the pair A, & (if fis an even function), or the pair C, D (if fis an odd function). 

By addition and subtraction of each of the four pairs of lines of special values of / we 
separate 4 from & and C from DY. A simple analysis gives 

A = A, + A,cos6+ B, cos 20+ As cos 38+ A, cos 46, | 
B= By sin 6+ By sin 26+ By sin 36 | 


or Ces C,sin@+C, sin 204+ C; sin 36 4) 

D=D,+P,cos 6+ PD; cos 20+ D; cos 39+ Dy cos 465 ee il ee 
for each value of ¢. The work is rapid because each operation is the same for all the nine 
numbers along any line. 

The nine values of each of the Ay, A,... A; or of the Dy... Cy are now written in column 
in an order previously determined to facilitate the calculation, and analysis is made for the nine 
values of ¢. We have two sets of operations: one for the sines and the other for the cosines; 
in each set the operations are the same along any line. 

They determine the coefficients as follows: 

Gq tOP=4, G=8, bq tOP = 3, F=7, 
or lng tO P= 3, G=8, Aq tOP=4, G=7. 

For convenience, the missing coefficients up to =4, g=8 are supplied by estimation. 
After this process is completed, the products of sines and cosines are expressed as sums of sines 
or cosines. 

After each approximation the values of the variables have to be synthesized to obtain the 
special values for carrying out the operations needed in the next approximation. To make a 
synthesis of a double series the work is again arranged carefully and done ona plan which 
permits the same operation to be performed on all the numbers in a given line. 

Examples of both analysis and synthesis, showing the arrangement used in this work, are 
given at the end of this paper. This particular arrangement is made for the particular values 
actually chosen. Should some other set of values be adopted, the work should be re-arranged. 
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The testing of the analysis is chiefly done by looking at the results: we know in advance 
that certain of the higher coefficients should be very small, and an error in the computations 
almost invariably is detected by some of these coefficients becoming large. One or two tests 
as shown in the example are however applied. Certain tests of the synthesis are shown in 
the Appendix, and the results are to some extent tested the first time the function is used in an 
analysis by noting whether the higher coefficients are small. 


Practically all the operations consist of additions, subtractions, and multiplications or 
divisions by 2 or 3. A few lines require multiplication or division by ,/2, /3. In general, an 
analysis or a synthesis can be performed by a competent computer in about three hours, when 
five-place decimals are used. 


These operations constitute a large proportion of the whole work of calculating the orbit. 


§12. The Small Dwisors. These occur in connection with the arguments in which 
2= — 27 when we integrate the equations for q, 6, ¢ and in the arguments in which z+ 1 = — 27 
when we integrate the equation for z. Inthe expression for ¢, the square of the small divisor 
is present. 

The smallest of these divisors is about +3 and its square is +1, so that a loss of accuracy of 
one decimal place occurs in the corresponding term in ¢. But since ¢ occurs in the equations 
of motion only in the form 2z’¢, the loss of accuracy in performing the approximations is the 
same as that due to w, g on this account. It is this fact that renders the true longitude as 
independent variable peculiarly effective in satellite theory. 


A greater difficulty and one which is independent of the particular method used to calculate 
the theory is the small divisor which is due to the fact that the period is nearly 1/6 that of Jupiter. 


Within the range of this work, the arguments concerned are 6€—7/ in the equations for 
q, ¢, 0 and 6€—6/, 6€—8/ in the equation for wz. In the former case, the divisor is 0154, and 
in the latter, -0283, so that in the expression for ¢ we have the divisor (-0154)?=:00024. Now 
this term has a factor before integration, me’, or 5x 107° approximately, so that the coefficient 
in ¢ may be of the order 107~4 and in the other variables 10°. As we have taken the calcula- 
tions of the disturbing forces to six places at most, it is not possible to get even the roughest 
determination of the coefficient. In the calculations it was found that these coefficients were, 
as might be expected, zero within the limits of accuracy before integration: the two or three 
units actually present in the last place being probably due to arithmetical accumulations. Such 
coefficients were made zero in order to avoid spurious results. 

A 10 per cent. change in the value of would bring the argument within the resonance 
range and the maximum magnitude of the coefficient in « or g would be* of the order (7e")4 
or 10°. Such a correction to the value of z is possible though not probable. As the period 
of the oscillation would be of the order of 10,000 years or longer, its chief effect within the 
intervals for which we construct tables would be mainly in the longitude. It is doubtful 
whether the term will have an observable effect to a terrestrial observer whatever the period. 


* Willard Gibbs Lecture, Bull. Amer. Math. Soc., 1928, May—June. 
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§13. Zhe Mean Motions of the Perijove and Node. With the adopted value of RF (2.10) 
the result 


Z=-99854v + const. 
has been obtained. 


The relation between v, v has been obtained in the form 
v='99690v + periodic terms. 
The value of 7is therefore 1-00163v+const. It follows that the mean motion of the perijove is 
— 001632, 

where z is the mean motion of the satellite. The perijove therefore moves backward instead of 
in the direction of motion of the body-—an unusual feature, 

The pee value of the portion due to ’/z only is* ++00282x. It follows that the portions 
due to ¢, y’, e”, ... are greater than this “‘principal” part and have the opposite sign. 

An estimation of the correction to the value which will be made when the problem is fully 
solved appears to show that the motion given above will not be altered by more than 10 per 
cent. unless the adopted values of the constants are found to need large changes. 


The motion of the node is much less sensitive to changes in the constants. I find for the 


secular part 
6 = —-02186v. 


‘Hence, with v=-996gov, we get for this motion 


— 021932. 


§14. inal Results for the Intermediate Orbit. The plane of Jupiter’s orbit is the plane of 
reference and a fixed line in that plane is the line from which angles are reckoned. The angles 
v, v, 8 are reckoned (§1) in the direction of the motion of the satellite; ¢ is reckoned in the 
usual way, so that the mean longitude of Jupiter referred to the adopted reckoning is x’t—€, 
where 7’ is negative. 

The angles €, 7 correspond to the difference of the mean longitude and to the mean anomaly 
respectively when ¢ is taken as the ae variable. Here we have 


n' 
gav— 15 v-d-¢baverzuiz (v—e)+e, 


=v —@w='99854V—@p, 
where ¢, w, are constants, and z is the mean motion of the satellite and is a positive number. 
The distance a is defined by the equation a? = mass of Jupiter, the mass of the satellite being 
neglected. The limitations adopted in calculating the orbit are set forth in § 3. To find x¢ in 
terms of v, the coefficients ¢,; must be divided by —-170641. The notation [0] signifies that 
the coefficients cannot be determined but that they are probably zero to the sixth place of 
decimals (§ 12). The results may have errors of two or three units in the sixth place. 


* E. W. Brown, Astr. Journ., No. 817. 
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NGS O;¢+ | FH Ttt | 7 = 1, t— | FSH 2O a | Pe GB ee ae 
g = Xqg;,,c0s (27 + 1). Values of g;,; 
O | + 1°:218372 | — 052205 + +006558 — 000824 + +000096 
I] - 9573 | + 28721 | +:051598 | — 4571 | — 006444 | + 661 | + 000758 | — 78 | — -000071 
TAN a 1766 | — 12212 | — 82866] + 2604|/ + 2870 / — 438 | — 387 | + ay | 4 59 
3 /- 358 | + 4498 | — 5017} — 1251} — 1281 | + 253 | — 17 | — 38 | + 15 
4 |+ 58 | —~ ~ 1500 | + I9I10/ + 542 | + ro07r | — 128 | + 26 | + 24 | — Pipe 
5 | - 2) + 406 | — 353 | — 216 | + 558 | + 60 | — 36 | — I2|+ II 
Cas 7 Fees Stet || Sie (PONG Sih Sas 25 (Ole Ss 9 
7 | + 3 | + 39 | — 24 | — 2 ae 16°} + 9 (Oo) = Za a i 
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- APPENDIX. 
Examples of Double Harmonic Analysts and Synthests. 


The first example which follows gives the analysis of the cosine function D¢. The first block 
contains the special values of D¢ for the values of 2€, 7 shown in the margins, and the last block 
the coefficients of the cosines of the multiples of 2&, 7 shown by the values of 7, z. 

The zeros in square brackets denote coefficients which cannot be determined (see § 12). 

The second example is the synthesis of a cosine series for g in which the coefficients of 
cos (2€+2/) are added and subtracted before being set down so that the cosine and sine parts 
are separated. The last block (II1) contains the special values of g for the values of 2€, 7 shown 
in the margins. 

For the analysis of a sine function, the necessary changes can be described with the help 
of the notation (11.1), (11.2). 

Change 4, to D; and &, to C;. After the first part of the analysis is completed the D; are 
odd functions of Zand to them must be applied the analysis previously applied after the B; had 
_ been found. Conversely we apply to the C; the scheme used for the second part of the 4;. We 
thus find 

d, ,cos 27&sin +c, ;sin 27€ cos 2=4(d, ,+¢, ;) sin (277+ 22) +4(—d, +6, ;) sin (27€—22). 
For the synthesis of a series in the form just written down, we change to the coefficients 
a; ;, 6, of cos 27€ sin zZ, sin 277 cos 7. 

The @, ; are the coefficients of sine series in 7; they are synthesized with the scheme applied 

to the 4, , in the example, and similarly the ¢, ; with the scheme applied to the a, , in the example. 


Then 
IT, Go, 91s Ga» Ys, Js are odd functions of 7, 


Wei dee 4 are even functions of 7 
and the remaining part of the work is the same as that of the example. 


The abbreviated notation, which is copied directly from the computing sheets, will be easily 
understood, 
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TueEse tables of the coefficients in the development of the disturbing function have been so 
constructed that for the great majority of problems which demand the calculation of general 
planetary perturbations, the values of the coefficients may be extracted by interpolation with 
first differences only. To achieve this within a reasonable compass, it was necessary to 
separate those factors of the coefficients which vary rapidly with the argument from those 
which vary slowly: the former are simple functions of the argument easily computed while the 
latter portions are tabulated. Since the product of four factors will, in general, be needed for 
the calculation of any term in the disturbing function or disturbing forces, it was advisable 
to tabulate the logarithms rather than the natural values. 


While the tables are available for any mode of development of the planetary theory, the 
calculations of the disturbing forces can best be reduced to routine computation by the 
methods of harmonic analysis. To facilitate the work of carrying it out, schedules for 
the analysis are shown-in detail with examples. Additional tables to aid in the calculation of 
the special values of the functions are also given. 


The work of calculation has been divided as follows: The senior author supplied the 
formulae and methods, calculated Tables V to X and gave some slight assistance in differ- 
encing Tables I to IV. The junior author performed the laborious part of the work which 
consisted of the calculation of Tables I to IV from the original formulae at intervals of -r for 
the argument ~. He also applied tests to most of the Tables V to X. 


For the interpolation to tenths we are indebted to the Statistical Bureau of Columbia 
University, New York City, which undertook to carry the calculations through by means of 
the Hollerith computing machines in its laboratory. We wish particularly to express our 
gratitude to an anonymous donor who supplied the funds needed for this part of the work at 
the time when it was ready and when considerable delay in carrying it out seemed probable. 
We are also indebted to Professor Ben D. Wood, whose interest and co-operation were re- 
sponsible for our use of the facilities of the Bureau. The adaptation of the machines by Mr 
R. M. Mendenhall, whose sad death occurred in an accident at sea when about one-half of 
the interpolations had been completed, is described under the section “Derivation.” The 
remaining interpolations were completed by Mr Richard Warren of the Bureau with the 
assistance of the junior author. To each and all of these we tender our grateful thanks for 
their aid. 


The co-operation of the Cambridge University Press has made it possible to publish these 
tables in book form in addition to their appearance as Pt v, vol. 6 of the Tvansactions of the 
Yale University Observatory, so that those who desire to possess bound copies for frequent 
use can obtain them through the regular channels of publication. 


ERNEST W. BROWN 
DIRK BROUWER 


May 1932 
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BRONHO OWO 


Ln oe eB | 


+= 8 t=9 1.10 C= ih 
. 8 
2°76550 83 283019 61 | 46. 76 289151 83 +246 99 2:94977 98 1 939 90 
2°76831 33 Bese By | 2183282 37 260 40 289308 82 "246 49 aoe = 232 46 
ee OTT Gecete ee 200T al a goednitg. 245°990"| Gotene se. 236r 
277390 34 378 33 | 28380017 3674 | 28989130 22349 | 29597535 231 58 
2°77068 85 BL. 35 2°84007 21 365 47 2°90136 79 244 99 9590093 231 15 
. 2:96138 08 
Be a7 act) 2 e452) 8 aeqgai ||) 290807 78 244 49 2.96308 78 23070 
24850045 27055 | 28484691 23933 | 29087027 24490 | 29030065 23°27 
; = 43 : 
Zee7o $3 2759 | Zerés bo 29878 | zoretg 7h 23S! | zooksagy 7295 
2°79051 59 ae a 2:85363 90 327 Gs 2-91350 80 379 53 97058 30 558 48 
; : 2°97287 28 8 
2°79326 20 2°85621 55 2°91599 33 242 o4 é 228 55 
apoieo io 313%) | aaeyets Ge | meas args | S988 use 
2°79873 49 2°86135 I ; 241 07 ; 
Ae #8 si bee ey 2°863901 17 Bee vee 2:92324 09 944 59 - ede e 227 27 
280418 24 Be vs 2:86646 60 329 43 292504 59 240 12 9819 226 85 
. 2°98425 77 996 
280689 66 286901 49, 2°92804 71 93063 s 226 42 
gues ee | Tn aA | eas eg | Be Bod 
2°81230 03 360 is BOTA: 253125 : 23 2°99103 78 
3 8 2°876062 88 2°9352217 2438 27 : 22517 
Pape + oe re Dae 60 55 te 2°93760 38 see 73 2°99328 95 224 75 
. fo) 
2:82037 42 2:88167 77 6 2:93998 II 434 26 2°99553 7° 224 33 
Se ere 288419 41 See es re ee 223 93 
2°82572 20 2°05070 5 8 236 32 : 
2.82858 67 fee & 2:88921 09 a6 a pee 235 86 Soca # 223 £ 
283104 54 265 26 2°89171 13 249 51 94944 35 235 40 : 222 
; . 300671 24 8 
2°83369 80 2:89420 64 as 2°95179 75 234 93 ‘ 2222 
zHoes4 se 2EhGh | Tags eee | SETS Sa | Soreeh fo 2th 
2°83898 52 363 46 ; 247 95 -95883 17 734 3°01336 85 
: 8 2°Q0166 04 2°95903 17 ; 221 06 
Bie: 85 ge 8; Bore 46 Be ae 2:Q6116 72 Ae 3 3°01557 91 556 65 
j ‘01778 56 
ZEON ar 26169 | Z8cGoo%s 24592 | soothe gs 23265 | Sordse br 22045 
204942°°%. 36700 : 62 245 °7 2:96814 65 3°02218 66 5, 
POD 09 ao0igze os ta og 245,30 -97046 39 33, 24 02498 FE see 
; 2°91 8 2°97046 39 5044 219 04 
2.85740 35 29293 | 20164283 24485 | 20727788 335582 | 30205715 23866 
: 02875 81 
28508970 p.g4, | 2°9188717 3438, | 2°97508 5? 230 40 Saal rire mart 25 
zie UBT | souskoh nak | samate os | samntce 278 
Be) a esr O30 a: 24282 | 3.98198 37 22 3°03529 39 
é 2°92617 15 2°9919% 37 45006 3 2170 
pe aie ia Be : Scere 48 oe ae 2°98427 43 ie 62 3°03749 46 3166 
c -03963 14 
287277 82 255 92 293101 30 447 33 5 oeete > 228 18 SE ee aa 21g 20 
29/983 66 25535 | 203883 4o 24083 | aoorrio8 22775 | 3:04395 93 315 29 
2'86543 88 25479 | 2-93823 80 240 #4 210033928 22688 | 30401089 215 13 
2-88298 11 32463 | 2:0406364 339 36 | 7°9950616 296 43 214 74 
; 05040 72 
2:88551 78 253 12 AAS IS OL 3 38:8 aes oA 226 O1 a ae 28 oe 38 
2°88804 90 325 2°94541 87 238 3 3 g 225 58 3:05469 06 2139 
. 52 57 2°94780 25 J O0244 Tl) 2 sis ; 213 59 
2 89057 4¢ 252 OI Rae 14 237 89 3700400'35. 55775 3 page 65 213 22 
: “06108 70 
289811 87 95538 | 29549249 403645 | 3009%8 34422387 | 3 7° +212 46 


8-2 


(*) 


132 TABLE IV. Log G, 
= Eto =U) SSO) ; » p=2-00 to 2:50 
(x +a2—2acos S) Fx (1 — a?) 2 (3G + 2 Gy a’cosiS), p=a'+(I—a’). s=i,t=S8itot1 

p TS t=O i = 10 SS iit 

c 89811 8 Ds 2 “00918 34 3°06108 70 6 
pore Se OneE a +250 38 Boreas os +236 43 a oreas a ie a 3-06321 16 ss 48 
ZO? 2'90312 08 249 83 2°95964 92 235 os 3°01305 66 223 02 3°06533. 23 or; 71 
2:03 2°90501 38 749 ae 2°96200 42 oe oS 301588 68 Ans 6b S074 o4 211 33 
2°04 290810 14 a8 ths 2'96435 44 234 56 301811 28 222 19 S0C99° AT 210 6s 
2:0 2°91058 36 2:96670 00 3°02033 47 3°07167 22, 51558 
200 | 29130605 24799 | 2gogog08 23408 | 3:0225925 32128 | 35-0737 80 310 31 
aso7 | 2-omssae 717 7 20715709" | 3:02470 58 2553, | 3:0758801 3598 
208 | 29179985 24676 | 2:9737084 339 68 | 30209752 32552 | 319279785 2094 
2 09 2°92045 95 245 58 2°97603 52 232 22 3°0291 04 220 IIL 3} ah aye) 209 Io 
2°10 2:92291 2:97835 74 3°03138 15 3°08216 43 408 
air | 2-9253630 24596 | 2.9807 50 oe RB 3°03357 85 21940 | 3:0842517 208 45 
2°12 2°92781 I2 244 53 2°98298 79 ae 8 3'03577 14° 4158.98 308633 54 208 OF 
2:13 | 2:9302514 S485 | 2-9852903 235.4 | 30379602 318 44 308841 55 207 04 
2:14 2°93208 64 242 99 2:98760 00 229 93 3°04014 49 378 07 3°09049 19 207 2 
21 Ze lin 2:98989 93 3'04232 56 3°0925647 45602 
216 | 20395412 242 48 | 299219 40 22947 | 3.04450 23 a 67 | 3-00403 39 302 a 
2-1 2:93990 07 3479? | 299448 41 378 3:04007 49 31252 | 3:0906996 35624 
21 294237 53 45d, | 219907608 22832 | 3:0488435 216 49 309876 16 355 84 
2:19 2°94478 48 240 44 299905 10 227 67 3°05100 82 eG 3100 205 49 
2:20 2°94718 92 -00132 77 3°05316 88 3°10287-49) sony 
2:21 254058 86 239 94 eae (oXe) sah 78 3°05532 55 oe SE 3°10492 62 oon 73 
222 2°95198 30 oe 44 3°00586 78 356 3°05747 82 214 36 3°10097 2 204 42 
2°23 2°95437 25 8 oH 300813 12 225 a 3°05962 70 214 48 3° T0901 2 204 08 
PIMA 2°95675 69 237 96 3°01039 OI 225 46 3°00177 18 214 09 3°I1105 90 203 72 
PP 2 Lio) ‘01264 47 3°06391 27 3°11309 62 4, 
aoe eee a ae 45 DOR 49 ae 22 3°06604 97 ae Ss 3°11512 99 3a 37 
2°2 2:90388 07 oe Hs 301714 08 ee 28 306818 29 212 92 S21 7LOOu 67 
2°2 2:96024 55 oe a6 3°01938 23 os = Z070Sh20 6, 54 gitar’ 68 202 33 
2°29 2°90860 54 235 51 3°02101 94 223 29 30724375. 55 15 312121 OL bor O8 
2°30 2°97096 O 3°02385 23 3°07455 90 3°12322 99 6 
oat oa oP #39104 3°02608 09 Zee 0 3:07667 67 ae 7% 3°12524 63 ae ae 
222 2°97505 62 234 a3 302830 51 PED a 3°07879 05 STOO 3°12725 92 556 95 
222 2°97799 68 oes 38 370305250) 58 308090 05 BRA 3712926 8 aan 
2345), 7199033 207 553 a: 3°03274 09 35775 3°08300 67 330 25 3:13127-49. 36606 
2°35 2:98266 37 3°93495 24 3°08510 92 3°13327 74 
2-36 | 298490 o1 355 ee oe BO371s 90ies,, a Bonzee 1) ce . SISSeTOTe Gag ae 
2°27 2°98731 17 22 6 3703936 27 219 89 3°08930 27 209 II 3°13727 26 199 25 
2°38 2°98962 86 oot ed 304156 16 219 47 3709139 38 208 74 3°13926 51 198 92 
2:39 | 29919408 37076 3°04375 ©3219 05 3°09348 12 368 36 3°14125 43 198 58 
2°40 | 2:99424 84 3°04594 68 3°09556 48 3°14324 OI 8 
2-41 | 2-00055 13 23029 | 3.04813 32 27894 | 3.09764 47 cor Gan SEoseee ee 
2-42 | 29988490 27039 | 3:0503154 3378, | 3:0997210 26/53 | 31472017 197 25 
2-43 | 30011433 25835 | 3:0524935 314 ar 310179 35 20688 | 37491775 199 3s 
2°44 3°00343 23 228 45 3°05460 76 216 99 3°103 6 23 206 52 3 T5115 oo 196 Ql 
2°45 | 3°00571 68 3°05683 75 3°10592 75 3°15311 OI 
2:40 | 3-0079967 22799 | 3.03900 33 21058 | 3.10798 90 eee 79 | 3:45508 50 oe 23 
2°47 301027 21 oh 2 Z00LTO5E F 3°11004 69 205 43 3°15704 76 195 93 
2°48 3°01254 29 pa 64 3°06332 28 Bie i 311210 12 205 06 3°15900 69 195 61 
2°49 3°01480 93 ea 3°06547 65 +214 97 3°11415 18 +204 70 3°16096 3° 4195 28 
2°50 3°01 707 II 3:06762 62 311619 88 3°16291 58 


TABLE V. Values of Gy in powers of p—3, p—4 133 
ET 
(1+a2—20008$)#= (1-08) 4 (aG} + & Gy atcosiS), p=a+ (1-0). 
1 
Gv=s An (p—3)". Values of ay. 
n 4=0 t=1 j= 2 —=3 i= A 
fo) + 1:37288 0499 + +80253 1050 + *63821 2522 + +54930 5202 + +49078 8954 
I — +10031I 6381 — 3869 6934 — 24209490 — 1746 1433 — 1352 9203 
2 + 1495 8106 + 4539279 4+ 243 0512 + 155 30608 + 108 8500 
3 _ 268 2154 — 68 2087 _ 32 3081 - 18 8007 — I2 1462 
4 ab 52 4220 oP II 5606 + 4 9606 + 2 6570 + I 6018 
5 _ 10 7734 — 2 1061 — 8282 - 4132 _ 2343 
6 ate 2 2883 + 4028 oF 1466 = 686 + 368 
i = 4976 — 798 - Past — 120 — 61 
a I1o1 at. 162 a 52 + 22 + Io 
2 ak 247 zy 34 2 ro = 4 ay 2 
Io SF 56 fe i ar 2 + I 
II _ 13 = BR 
12 =f 3 
13: - I 
p= + 1:28527 5362 + +76778 9216 + -O1615 2426 + *53323 2453 + *47824 0779 | 
n a i=6 t=7 i= 8 = 9 
oO + +44828 2806 + 41549 6791 + +38916 1204 + +36737 6997 + 34895 1988 
I — 1095 4579 mu 09241770 — 7799762 — 676 8981 — 595 4474 
2 + 80 7677 Bs 62 3700 + 49 6099 di 40 3770 + 33 4733 
3 = 8 3943 = 6 0820 a 4 5648 = 3 5217 = path 
4 an 1 0414 az 7141 + 5096 zt 3752 1 2334 
5 - 1443 ae 942 Fa 043 = 454 rs 330 
6 + 2106 + 135 + 8 + 60 + 42 
reas BA bor BONN ge eM Une Bros ee 2 
oF 6 ate 3 aR 2 ar u oP I 
9 - I 
p= + +43806 1119 + +40692 4218 lL + +38181 6423 + *36097 9920 + *34330 7008 
GP) = Sb, (p— 4)". Values of bp. 
| i=0 tat i= 2 i=3 i=4 
fo) + 1°28527 5362 + +76778 9218 + 61615 2426 + *53323 2453 + +47824 140 
I _ 7077 8922 — 3128 7884 — 2015 5256 — 1482 9073 — 1166 23383 
2 + 924 2286 ae 302 3290 5 169 1743 + III 6019 + 80 1270 
3 _ 133 3081 = 37 0727 = 18 6003 — II 2562 - 7 5129 
4 = 20 9230 + 5 1023 + 2 3370 + I 3148 + 8246 
5 = 3 4497 =e 7525 = Sy! a 1680 a 998 
6 aE 5875 ar T163 + 45 + 228 + 129 
_ 1024 — 186 = 69 - 32 — 18 
g + 182 ap 30 a mil af 5 AP 2 
9 a 33 a 5 = 2 _ I 
Io ain 7, == if 
II ~ 2) 
p= + 1:37288 O501 + 80253 1052 + :63821 2522 + *54930 5201 + +49078 8954 
n i=5 41=6 7, += 8 a9 
fo) + +43806 1118 + +40092 421 + +38181 one + +36097 9918 + *34330 7009 
I Es 955 5521 — 805 228 — 692 6886 - 605 4045 = 535 8442 
2 + 60 6550 + 47 6332 + 38 4402 + 31 6845 st: 26 5030 
3 = 5 3345 - 39552 = 3 0288 = 2 3780 = I 9063 
4 ab 5542 + 3911 + 2862 te 2155 + 1661 
5 _ 639 — 431 _ 303 _ 220 -- 16 
6 + 79 + 51 a 35 or 24 Ps x 
= IO - 6 = 4 = 3} = 2 
g + I at I at I 
p= + +44828 2805 + *41549 6789 + +38916 1203 Be CIEE |, 5 "34895 1989 _ 


() 


134 TAB ER Vale ky 
0) 2 
(1+? 2000s S)-t= (1 —a#)1 (JK + DS Ky cosiS). 
t—r 
(0) (2) (2) (3) 
% Ky Ky Ky i 
*Q00 *551701 | *298055 _ "215713 +168227 
I 547512 ee *296385 a8 S "214825 7888 *167760 nes 
2 °543309 ee *294702 re 3 *213924 mae *167281 479 
3 *5390902 4232 "293005 a *213010 ee “166791 Eos 
4 *534860 4246 "2912904 as "212084 250 *166289 Hee 
5 *530614 -289569 ‘2111 -165770 
6 *526353 eas -287830 1739 tbe 953 Be 525 
*522077 a7 -286076 nee *209226 966 “16471 537 
§ *517780 eee *284308 ous *208247 979 a ones 240 
9 *513481 4321 *282525 ioe *207254 rece *163604 = 
*QIO "509160 -280727 *200248 *163031 
I *504824 4338 Sone ae oe aa0 fe as 5p 
2 *500472 4352 *27708 uae "2041 ze3 -161840 299 
3 5 rath 4308 Sel Nag Tee ke 4194 “104 eee 612 
49 4 4383 275244 1858 203146 1063 "161234 625 
4 "491721 4309 *273380 1873 °202083 1077 *160609 638 
5 *487322 "271513 *201006 "159971 
8 | :482006 4426 | 265823 1899 | ‘Toggrg 1092 | ‘129319 052 
Z 478474 4432 267717 1900 -198806 1208 *1580 p08 
By. lie 4 4449 BEE, Fe eee, lee eo O79 
FI AOZD 1408 205795 1938 ‘197683 1138 157974 693 
9 *409560 4482 -203857 1054 *196545 1153 "157281 708 
*920 *465078 *261903 *195392 *156 
t | -460579 4499 | “2soo32 1972 | ‘roge2g 1209 | -13585t 722 
2 “450002 49317 a 1988 a RB 1185 ; 737 
3 5 z 8 4534 r 5794 2006 9393 I201 T5514 751 
45 52 4552 25593 2023 191837 I21 "154363 6 
a 2400763 7275. | 253915 35,5" | 100020 2547 @hyan9e es 
8) "442406 °251875 *189386 *15281 
6 437818 A598 *249817 2058 ee 204 See es 
7 "433211 4007 2 y 2070 -186866 ee : a4 
8 : 4025 624/14 200% 1285 1D Leo 836 
428586 64 245046 577 EOSSOT. oan "E50371 “oe 
Ou | 423042 7ea5 | 243533 “3147 | 2384278) da52" 249525 Be, 
*930 *419279 "241402 *182905 *148662 
I *414590 4683 Bere aes ead! 7339 ase 880 
2 *40989 ay hts -237081 217° *18026 1357 *14688 898 
ere A122 tee a etn epee) 1S7Olt tc ccemons 
3 405172 743 2348901 BAGS *178885 ‘ *145969 
4 "400429 ee *232081 2230 *177490 Re *145036 a 
) *395666 *230451 ‘1760 -14408 
6 -390882 4784 228201 225° See 1434 eee a 
Ve *386077 4805 *22 fe) 2271 “I ra 1454 . 9 8 
8 -381250 as eee ane es T4795 ee es 
9 -370402 He "221324 ane "170217 ae “140091 ae 
*940 °371531 -218988 *168700 *I1390 
I *36066038 4893 *216630 235° None 1538 ony 208 
2 *3601722 ee ‘2142 a3! -165603 1929 cat 638 sae 
3 356783 none Sie A423) Ree 1581 beeeae 109 
4 | +351820 fo8e *209420 ie 162418 ae 134649 see 
5 *346834 *200971 *160792 I 
Oml9r341823. 0517 | 304407 ae t59t42 105° | -133322 1273 
*330787 593 "201998 2499 “lL 68 ae: *I2112 1198 
g 231726 5061 : 2523 574 169 3 4 1220 
3366 5087 199475 2549 *155770 1723 “129904 I244 
9 326039 _ 2173 "196926 _ one "154047 _ 545 Oa) 
"950 °321526 "194351 *152300 *127393 


(4) 
a 


*135910 _ 
°135795 
*135491 
°135207 
°135032 


*134787 
°134532 
*134266 
133989 
*133702 


*133404 
*133095 
*132774 
*132442 
*1320908 


°131743 
*131375 
*130995 
*130602 
“130197 


"129779 
"129348 
"127903 
"128445 
"128973 


"127487 
*1269860 
*126471 
“125941 
*125390 


*124836 
*1242600 
*123668 
*I23060 
°122435 


*121793 
“121134 
“120457 
“119762 
"119049 


“118317 
*117566 
*1160796 
*I16006 
“115196 


"114366 
"113514 
"112640 


*III744 
*II0826 _ 


*109885 


I, 


TABLE VII. Ky 


(I +02 — 2acos S)~2 = (1 — a?) (ak, +d Ky cosiS). 


a Ky Ky 
+900 2°43200 2°38728 
I 2°43304 a roe 2°38910 on se 
2 oe, 105 See I8r 
4 2°43019 105 2°39454 78; 
5 2°43724 2°39635 
6 | 2-43830 ae 2°30815 18° 
2°44041 106 2°40174 179 
9 2°44147 106 2°40353 179 
*gI0 2°44253 106 2409378 
2 | 244q00 107 | 2-40bss 178 
30) 5244573 cot 2-41065 5/7 
4 244080 107 2ATZAZ) ie 
5 2°44787 2°41419 ne 
6 | 244804 504 2°41595 46 
g 2°4500I Jo eh: 175 
aaqeary 108 | 242rer 175 
9 45217 108 4 175 
"920 2°45325 8 2°422900 | 
| BRR See oe ar 
Ecere — Ee 173 
4 2°45759 09 P4972 
5 2745808 2°43162 
Die 2 45077 og | 0243334 
g 2°40086 oer 2°43500 171 
2:40196 3 Zo ere 171 
9 2°46300 T16 2°43848 375 
sag | 26S ano | THE 
: mee 6 110 aa g 170 
2 2 4 3 TIO "4435 169 
3 aiae TET 2°44527 169 
4 BACSST Mine 2°44690 168 
5 2:46968 2°44864 68 
Daim 247079. 51, 2°45032 T 60 
PARSON Tay ZA 5500 166 
9 2°47412 Tee: 2 45532 166 
"940 2°47524 yy 2°45698 46 
I 2°47036 es ASSO} he 
2 AEA rae 2°4602 165 
3 2°47860 113 2°46193 164 
4 2°47973 I13 2°40357 163 
5 2748086 2°46520 
) 2°48199 ee 2:40083 a 
g 2°48312 113 2°468460 16> 
2748425 114 2°47008 165 
9 2°48539 14 2°47169 16; 
248653 2°47330 


135 


Re) 


(4) 


K 
3 53 3 
. . 6 
230924 +308 | 2:20960 7442 | 2-o9898 +592 
2°31230 30 2°21408 448 2:10489 sgt 
2°31535 395 2°21855 we 2:11078 333 
231839 354 222300 Aaa 211606 23. 
: : 2°122 
Seas 393 Spey 443 seeree ae 
2°32748 oes 2°23629 ae 2°13424 585 
233049 He 2*24070 MES 2*14007 a 
2°33349 309 2°24509 138 2:14589 287 
. . . I 
rue ays | 20881 ar | STS are 
2°34243 297 2:25819 435 2°16327 57 
234530 bee 226253 434 | 2-16904 3/7 
2°34834 264 2:26685 137 217479 353 
. ; 8052 
z3g420 292 | a2ysas 429 | 248024 972 
. . ai 
236001 29° | 3-26399 42° | 210703 329 
2°30291 386 2:28824 ree 2°20330 365 
236589 og | 229247 gon | 220895 565 
a pri se 2730089 Ae signer ae 
. : 2°22580 
Bethe 284 Bae ed Fane 552 
; ¢ 6 
30508 woes || 20889 ars || co ted one 
Das 6; ee 2:32103 417 2:24800 227 
238847 782 | 2.32573 422 | 2.25350 558 
2°3912 218 2°32981 see 2°25808 a 
SEES Pog) : 406 546 
: : 26 
239878 279 | 23301 404 | aaosdd S44 
; . ‘2752 
geass 273 | 234505 49 | 228007 338 
240497 321 | 234993 396 | 228603 234 
PACTORIE GG eeery S950 || a sceey bse 
Ae as 20 2°30170 392 2:30198 529 
ages 200 2°36567 33 2°30725 ey 
2°41836 562 2°30955 336 2°31249 Bor 
c : 2°31770 
angen 262 | agrzes 384 | 2gzabo 529 
Lie ie 2°38106 30! 2°32805 516 
B1283 a 2°38485 Aes 2*33318 ee 
2'43142 ee 2°388603 375 2°33828 507 
33 wo | 2G ye | UE oe 
2-43909 254 | 2-39981 322 | 2:35338 350 
2°44162 523 | 240349 Beene 35835 a. 
2°44413 250 240715 363 2:30329 490 
2°44663 2°41078 2°30819 


136 TABLE VIIIz 


Values of the Equation of the Centre Eq for special values of the Mean Anomaly g, in 
powers of the Eccentricity e. 


Values of Ey. 


[ > 
e: e8 ges, e7 5e2 a es 
g 24 960 32256 "hes 96 960 
Sy AES oO (0) fo) fo) fo) fo) fo) 
go° I — 32 + 1792 — 94208 fo) fe) fe) 
60°, 120° we [z — 6 — 1047 + 89721] + “3 [I — 147 + 987] 
© 150° £ = * v3 2 
30%, 150 50 + 46 143 76253] Sore: + 359 817] 
45°, 135° ae {z + 20 — 1692 + 1160] a [x — 44 — 1138] 


The numbers in the body of the table are the factors of the terms in the heading. For 
example, 


aes e CEE 
(Eq)g=150° = 5 | 2¢ ae 46 = 24 — 143 Be — 76253 ai 5 is a 59 = 817/ or 
For the calculation of Fz, Fa’ (§ se we have 
co _(r+eF pee ee Sen e) 
CEO le (Gao oa dg | gan (r+ e)* 


If corrections of the resulting values of E, be needed, they may be obtained by substituting 
the values found from the table in the right-hand members of 


g—X+esnX 
I — 600s 


Sioa) 


>) a= 
peg ae ein Nee 


tan 4x = (E54) tan¢é(g+£,), 8X = 


and calculating X, 5X, 5E£,, successively. 


An approximate value of X with an error of order e°/120 or e*/46 may also be found from 


esing int eee eee sin* (Xo — g) 
T= ¢c0s 2” 6e sin g 


tan (X) — g) = 


the value of X being corrected, if necessary, by the formula for 8X given above and the value 
of E, being then obtained from 


$ 
tan (g + E,) = (: a ) tan 4X. 


TABLE VIII, 


Values of the Radius Vector v for special values of the Mean Anomaly g, in powers of the Eccentricity e. 


Values of 7. 
e3 ee e? e2 4 es 
g ae as a 768 a eno a a , as aan 
OY, TUSKO” 4s [-1 fe) ° @Q | Jb ii Oo fo) fo) 
90° fe) fo) fo) fe} +1 + 4 —=2 +128 
60°, 120° + $[-1 +9 — 810 + 15309] +1 +3 fo) — 81 
30°, 150° ae ws ea 3 230 5033) aes rat oe ey 
fe} fe} I 
45°, 135 Zp Oe © 0 407 35544] aed 2) pt) 04 


137 


The numbers in the body of the table are the factors of the terms in the heading. For 
example, 


t Papen is Pee Carey a 1p 2 6 wom |t [2+ 54542 | 
Gam im val pee geen tS 768 5°33 46080 Tee 7 T60 | 
When the values of E, or X have been obtained, 7 is most easily found from one of the 


formulae, 
1 I-@2 


a 


= , r=a(r—ecosx). 
I + ecos (g + E,) ( ) 
TABLES FOR THE CALCULATION OF PERTURBATIONS PRODUCED BY JUPITER. 


In each case these are calculated for three values of the eccentricity, so that, by inter- 
polation, any chosen value may be used. The results are accurate within two units of the last 


figure given. 
TABLE VIIIz/. 


Equation of the centre. 


e g =0°| g = 180° 00x = Oo 2a—at20) 


-0480 ° fo) 50 29’ 31°09 57 44726 4°54, 10°55 97 ay" A 37, 10°55 ora ton 
70484 e e D5 377 93> a Bs Ae SOTAT 2 oe te 4, 39, 247 be 2! 14n12 
“0488 0 0 Be 34’ 59150) 7. Ft oA 49.59" 19°30 4° 41/ 38°88 
e Lo S150) Se tADe Ga 135) 
-0480 2° 53’ 57°60. fer BE SOTAT- 5 Our oye 4° 03’ 28°65 47 96" S143 AIt50 7 oF 
Si 2° 55’ 29728 7, 2308 2° 38’ 01:97 oe Pie 4 05 35755 oi ee 3° 45° 28°05 = 4b 
-0488 2° 57’ O1°05 adel 2° 20! 16°32 4°35 4° 07’ 42°60 3° 47° 15°64 
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TABLE VIII,/ 


Values of log (v/a). 


e Om B= ilo” 2 = 907 Zo g = 120° 
“0480 *0009979 9°9902456 _ *OI10060 
oaBa log (i — é) log (1 + é) “OOI0146 a 9°9901703 ae “OIIIO22 Re 
0488 *OO10314 99900952 “OIIT1985 

== 
e e380" § = 150° &= 45° E435. 
70480 9°9818387 _ “0179140 9:9855483 _ "0149550 
-048 99816867 eee *0180620 nase 9°9854300 Meee *O150817 ee 
-048 9°9815346 5 ‘0182100 *4 99853131 7 "0152079 


TABLES FOR THE CALCULATION OF PERTURBATIONS PRODUCED BY SATURN. 


In each case these are calculated for three values of the eccentricity, so that, by inter- 
polation, any chosen value may be used. The results are accurate within two units of the last 


figure given. 


TABLE VIIIzS 


Equation of the Centre. 


: 


e g = 0°! g = 180° g = 90° g = 60° Peal 2 0 
055 fo) fo) G520307'57) plas Be AEs O78 308 Be ra? 5° 18" 21°82 oy 158 
055 ° 0 6° 22’ 51758 2, 44, 5° 43° 30789 2, 32, 5°20" 34°71 3, samge 
-0502 a 3 6° 25 3560 2 44°02 5° ae ee 2’ 32°68 Bo 22’ aziar 7 14 80 
e GS & = 1508 SA O55) 
055 30 22° 27701 yr gat 2 59,34°94 Gr 750 4° 42’ 51°28 47 ogy 4°46030°4 Jy am 
"055 3° 24” 00-21 ay eee 3° 00° 47-63 ms 706 4° 44’ 59°86 5, Osta 4° 18" 16-11 =p ates 
"0502 3° 25° 33°49 3° 02’ 0082 4° 47’ 08°50 4° 20’ O1*72 4 
AAMIBIL ID, WOO Ss 
Values of log v/a. 
e [ZO = 1iRsKO)” g = 90° 2a—200nm 20m 
"055 ‘0013283 9°9888698 _ *0127978 
055 log (1 —e) | log (1 +e) -0013473 120 | 979887964734 | -o128953 973 
-0562 *0013666 93 9°9887232 73 *0129929 a7 
e f= 30: f= 150. Sas = 135° 
0554 9°9790236 _ "0206483 9°9833800 _ ‘0172927 
"0558 9°9788714 _ ee "0207959 aR 9°9832634 _ ass “O174192 ae 
0562 | 9-9787191 0209435 147 9°9831467_''°7 | -0r75457 7709 


A BEE bx 139 
Values of the Equation of the Centre Eq for special values of the True Anomaly f, in powers of the Eccentricity e. 
Values of E,. 


= 
ip é a om e ae a ef 
3 80 224 vs a2 64 
Ont so et fo) fo) 0) fo) fe) fo) fo) 
go° 2 —t — 4 —- 4 fo) o 
6Oper20%5 we [2 fo) — 6 — 10] + v3 [-1 ap = 3] 
30°, 150° I +1 + 13 + 19 a. LU I =O -— 9] 
° ° I 
45°, 135 va aa roa gee ee 4 ett Sil ey 


The numbers in the body of the table are the factors of the terms in the heading. For 
3 5 7 4. 6 
For the calculation of Fz, Fa’ (§ 2.6) we have 
as (xr — e)? DONS leash 
( aR (x +e)? ( df ya (=ye)* 
The values of 7 are obtained directly from 7 = a (I — e) + (I + ecos/). 


TABLE X. 


Formulae for expressing the True Anomaly and Radius Vector of one ellipse in terms of the 
True Anomaly of another ellipse. 


E’ = Equation of centre expressed in terms of the mean anomaly g’ and eccentricity é’; 
E, = the same expression with f, substituted for g’; 


i= Equation of centre expressed in terms of the true anomaly / and eccentricity e; 
7 F ; n’ 

Bogit 2) - 56-9), 
where n't + <’ — wo’ = g’, nt + « — o are the mean anomalies. Then the true anomaly /’ is 
expressed in terms of f by the formula 

: n’ n' _\adE, Wee Tae, eee Gee a Ne Need Be 

I =f-FE+B-(CE)G + (FE) ae ae earn 

The calculation of E and of its special values for special values of fis made by the formulae 
forme ine lable TX. 

The calculation of E, and of its special values for special values of f, is made by the for- 
mulae for E, in Tables VIII,, VIII, J, or VIII; S, in which f, takes the place of the symbol g. 

The calculation of the special values of the derivatives of £, is made by means of the 
following formulae in which the notations 


dE, {1+ ' cos Che oie 


e=¢ @— es 


wo=I+ ; , 
are used. af, (x — e2)8 se 
I CE, = Fav I CE, Tea 2, ay I 5 
2 af,? = — 4w sin CA + E;), 6 dfe ge ¢ df? 3 w” €, COS (fi + E,); 


Pah, It (Pek, Be 7 Labs) Cee 
eo aleaela ae) wage) tc it Bl 


These results are found by considering E, as the equation of the centre in an ellipse of eccen- 
tricity e’ and mean anomaly f,, according to its definition. 

Tables X J, X S contain the numerical values of these derivatives applicable to perturba- 
tions by Jupiter and Saturn. 


9-2 


I40 ADANTBMEAD, 2 y//c 
Values of derivatives of Ey, with respect to fy. 
e” A=o f, = 180° fi = 90° f, = 60° f, = 120° 
: ; 9587766 . Oo “0190080 9°9774872 _ 
Joga | 0484 | “0425829 3565 | G-0584367 ~3399 | Groayacts 419 | cozgrsox 142% | g-9772803 —2009 
0488 -0429386 3597 9°9580968 — 3399 | 9-9974194 0192918 9°9779952 
: : ‘| 8-676250 8-667442 8563593 
jog? SE | 0484 — — 8.670770, 3520 | 8671421, 3979 | 8.500713, 3120 
2 df | 9488 8-683260,, 349° | 8.675370, 8-569803 
; é : 0 . "9736 
1 aE 0480 | 8-31043,, . 8-1018r 75971 ay 774150 15 ri 6 40 
log | eons aals-a7 45 8-10458 277 +5842 7°7430 7-977 
56 af? 0488 eee 448 Gores 274 eae ee 77446, so 79815 39 
"0480 5505 7:70.46 7:2665 
24 df, 0488 75023 79 7°71 38 72081 
é fy =-30° fi = 150- fi = 45° i235. 
-0480 0358218 9:9636712 -0284026 9:9695880 _ 
log w “0484 | 0301173 2955 | 9-9633667 3°45 | ‘0286295 200) \'9:9603273 Si acah 
0488 0364130 79957 9:9630622 3045 -0288560 5 | 9-9690664 
1 aE, | 0480 | 8-470057, g | 8:290253n 38 8:602758, yrog | 8°45397n 2069 
] 1 | -0484 | 8-47501 435 8-293110 5Z | 8-606952, 4194 | 8.458645 
52 df® | 0488 | 84703447 4329 | 8.2g8938" 2828 | Berrzos” 4753 | B4ar38o" 2938 
: : -0408 
1@BE 0480 | 8-1969,, 0777 31 8-0360,, 33 8-040 35 
log = : 0484 | 8-200 8-0808 8-039 8-0443 
pond i 0488 Beeied 1 8-0838 3° oe 33 8-0476 33 
4 -0480 “60150 6:840 _ 77011 7:07 00) 
log + ee ore Feson 59 6°839 oe 77065 4 7075 ae 
24 df, 0488 7-6268 6°837 7°7118 7074 
ANIL IS, 2S. 
Values of derivatives of E, with respect to fy. 
e =o fy = 180° fi = 90° fy = 60° f, = 120° 
0554 -0488368 81 | 9°9524984 _ 8 9°9966760 _ "0215930 1371 9°9737379 _ 2047 
log w 0558 | -0491949 322% | 9:9521595 3382 | 9-9960283 427 | -o217301 99735323 _ 
: 0562 | -0495531 355? | 995182073388 | 9-9965799 454 | -0218667 13°° | 4-9733273 ~205° 
: ; -6168 
1@E 0554 8-736865,, 3028 8-736561,, 3489 8-616 47n 2634 
log = 1 | -0558 — 0 a) 8-7309893 8-740050 8-619481 
2 df, 0562 8-742890,, ace 8:743517, 347 8-622092,, aoe! 
1@E 0554 | 838948, a 8-14864 229 7°6993 6; 7°7636, 8-0420 35 
ioe ra | 70358") 6°39352, 0,1) S363 7°7054 77643 80455 
© ah® | -0562 | 830753, 4°% | 815320 727 77115 OF 7°7050, 7 8-0489 34 
4 055 7:6030 7°7850 PTO 
log 2 See | -055 —% — © Toss 77897 4 72702 5 
24 ahi! | -0562 7°6075 7? 77937 4 72097 
Za fi=30° fr=150° fi=45° fr=135° 
70554 | °041285 9:9580360 0325726 9°9647 Viegas 
log» | +0358 | -o415801 aot 9-0377311 ~3049 | ‘0327961 7232 | 9-0644845 _ 2027 
70502 0418749 794 Q: 261 — 395° *033019 3 9:964221 
41074 9574 330197 42217 
2 0554 | 8546884 8338718 8-675797 8-506164 
log = Z Ey 0558 | 8 550763, 3879 Se 2378 Bigrene: 373t 8-508650 2a 
2 df "0562 | 8554619, 3°5° | 8-343453,, 7357 | 8.683182 395% | g.srrrtq 2404 
3 0554 | 8:2666 8-1296 8-091 8-0992 
log 2 d ei 0558 | 82701, 35 8-1321 29 hoe 28 8-to21 29 
6 df "0562 | 82736, 35 8-13.46 8-0972, 77 8-1050 
4B, | 0554 | 7°7193 6°799 _ 7°7953 Toes 
og * S zt | 10558 | 77248 99 C707 7:8002 43 Moss E- 
24 ah" | -o562 | 7-7301 53 6-793 4 7°8050 7-053 ° 
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Sie okeOn itera BEES 


1.1. The developments of A-®* for s = 4, 3, 8, £ serve for developments of the disturbing 
function in powers of the inclination as far as the sixth order to 7 = 11. The functions for 
values of s, 7 beyond those tabulated can be obtained from the formulae given under ‘ Deriva- 
tion’ in § 4. 

All methods in which the disturbing function is used require the formation of derivatives 
with respect to «. To obtain them we have 


Ge PL) a2 —acosS S Ss (I — a?) 
Ce NKeI ak - A2s+2 imino: + A2s+2 
Hence es =) apy (G2, — G®) cos iS 
da A2s , = (x ae. a2)s s+1 s ? 


the factor 4 being inserted for the term 7 = 0. 

When a literal development in powers of the eccentricities is made, the successive deriva- 
tives with respect to « are needed and may be obtained from the formulae just given by 
recurrence. ) 

1.2. If it be desired to compute with 
A? = 1 + a — 2« cos? 4/ cos S, 
the change to the argument of the tables can be made by putting 
(eat) C* (1 on"), cos* SI = aC, 
so that A2 = C2 (I + a2 — 2a, cos S), 


and the tables are entered with the argument p = a? + (I — 4%”). The calculation of « 1s 
conveniently made by calculating 8, B,, «, successively from the formulae 


tanB=a, sin 28, =cos?4/ sin 28, = tan B,. 


When £ is greater than 40°, the value of f, is poorly determined by the second equation. It 
may be corrected by substitution of the approximate value in the right-hand member of 


sin (6, — 8) = — } sin? $/ sin 28 + cos (f, + 8). 


4.3. When the numerical values of the eccentricities are to be used from the outset, develop- 
ment by double harmonic analysis may be conveniently adopted in the following manner. 


When the inclination J = 0, we have, if p = 7/7’, 
re 
{2 + 72 — arr’ cos (v — v')} 


I eae 
1 = {I + p* — 2p cos (v— v')}* 


=- it GD + 3 GY ptcost (f—f’ + a — a}, 
(eile) 
where f, f’ are the true anomalies and a, w’ the longitudes of the perihelia; Gu is the same 
function of p that the tabulated values are of «. 


f the expansions are to be made with the time as independent variable, we put 
faetk, fers, 
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where g, g’ are the mean anomalies and E,, E,’ the equations of the centre. Since 
cosi(f—f'+a-—a’) 
= cosi (g— g’ + w — o’) cos (1E, — 1E,') — sini (g — g’ + o — a’) sin (1E, — 1E,’), 

the expansion requires the separate calculation of the four functions 

ee 1 (x ee iE.), E ee 

ol ap) s tae sin y’* sin / 
for each required value of 7. These are carried out by double harmonic analysis in the manner 
shown in § 3, so as to give the coefficients in the series, the typical terms of which are 


A,» cos jg cos 7’g’, - B, » sin gg-sin 7’g’, C,,, cosjg sin7’g’, D,» singg cos7g’. 
From these, by additions and subtractions of the coefficients, the expansions in cosines and 
sines of multiples of g, g’ are obtained. 


1.4. The same procedure may be followed for the calculation of the disturbing forces and for 
_ that of the terms dependent on the inclination. The fact that products of more than two 
functions are needed is the reason for tabulating the logarithms rather than the natural values 
of the G®. And the possibility of making this process efficient partly depends on the ease 
with which the required values of these coefficients can be extracted from the tables. 


1.5. When the true longitude of the disturbed planet is used as the independent variable, the 
true anomaly /’ of the disturbing planet has to be expressed in terms of that of the disturbed 
planet. Formulae to facilitate this change are given in Tables IX, X with particular numerical 
values for the cases when Jupiter and Saturn are the disturbing planets. The general method 
of procedure is given by E. W. Brown in Mon. Not. R.A.S. vol. Xc, pp. I-17 and in chap. vi1 
of the Planetary Theory by Brown and Shook. The details of the double harmonic analysis 
follow plans similar to those outlined above where the time is used as the independent variable. 


1.6. When harmonic analysis is in use with large values of « or e, a few values of « beyond 
those given in Tables. I to IV may be needed. From « = -845 (p = 2:5) to « = :013 (p = 5), 
these may be obtained to the same degree of accuracy (or to a lower degree of accuracy for 
still larger values) from the series in Table V. 

For higher values of « up to « = -95, Tables VI, VII give the coefficients for s = 4, 3, and 
?= 0,1, 2,3, 4. If they are needed, the coefficients for other values of s andz may be obtained 
from the recurrence formulae given here or by Tisserand, Méc. Cél. vol. 1, chap. xvi. The 
different forms of these tables should be noticed; they were adopted in order to render the 
interpolation easier. 
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§2. NUMERICAL HARMONIC ANALYSIS 


2.1. Let I’, (x) be a periodic function of x, period 27, which is expansible in the form 
FE, (%) = Cy + Cy COS % + Cy COS.2% +... + Ca COSMK + oe, caw (I). 


The problem under consideration is the rapid numerical calculation of the coefficients ¢;. 
It is supposed that F,, (~) contains numerical constants only, and that after some term c, cos 1x 
the remainder of the series may be neglected. 

Under the latter condition (1) may be regarded as an identity satisfied for all values of x. 
If then we choose m + 1 numerical values of x and calculate the corresponding values of 
F’, (x) and of the cosines of the multiples of x, we obtain m + 1 relations which may be re- 
garded as ” + I linear equations giving the m + I unknowns Cy, ¢,, Cz, ... Cn- 

The effectiveness of the method depends on the ease with which the special values of 
F’, (x) can be computed and on that with which the linear equations may be solved. It is 
found that the questions principally to be considered are the choice of the special values of 
x and the best arrangement of the work for finding the c¢; 


Similar remarks apply to the development of an odd minetion of x in the form 
F, (x) =s,snx+s,sinax+...+s,sinnx+... eon) 


except that m values of x only are needed since there is no constant term. 


If F (x) contains both even and odd functions of x and if we stop at the mth harmonic, 
2n + 1 special values of x are needed. 


In cases where the calculation of special values of F, (x) and of F, (x) are needed and 
where much of the work is the same in each case, the same special values of x should be used. 


2.2. Choices of the special values of x. If F (x) contains both even and odd functions of x, may, 
can be separated by choosing the values of x in pairs, «, 27 — «. Since 


COS 7a = COS4 (27 — a), Sinta = — sint-(2r — a), 
we have F («) + F (2a — «) = cosine series, F («) — F (27 — «) = sine series. 


In future it will be supposed that this separation has been effected so that the forms (r), (2) 
can be considered separately. 


Next, since F(a) + Fi(a—«), F, (a) — F, (a@— «) 
contain even multiples of « only, while 
F,(«)—F,(t—«), F, («) + FP, (7 — «) 


contain odd multiples only, the choice of pairs of values «, 7 — « enables us to separate the 
equations giving the c, or the s, into two sets, one containing the coefficients with odd suf- 
fixes and the other those with even suffixes. 

Finally, choices of « which are multiples of z/n, where is an integer, have obvious advan- 
tages. The special cases = 3, 4 or 6 will suffice for most of the requirements in the plans for 
developing the disturbing function and the disturbing forces outlined here. For the rare cases 
in which eight harmonics.are needed, it is advisable to add the values x = 45°, 135° to those 


144 NUMERICAL HARMONIC ANALYSIS 


given by 7 = 6, since the work done with six harmonics only can be fully utilized and repeti- 
tion of it isnot needed. Schedules for this last case are to be found in Trans. Yale Obs. vol. V1, 


part Iv, pp. 61-65. 


2.3. Determination of the nth harmonic in F,. Since F, vanishes for x = 0, 7, these values are 
useless for the computation of the s;. Moreover, since sin x vanishes when * is any multiple 
of z/n, it is the coefficient of the nth harmonic which is undetermined with this set of values 
of x. It is sometimes possible to estimate its coefficient with sufficient accuracy; where this 
is not the case, one of the following devices may be adopted. 

For n = 3, the chosen values of x are 0°, 60°, 120°, 180°. The value x = go” may be added 
to find s,. If this value be used also in F,, we can find c, and then get higher accuracy for 
c, (see § 4). 

For » = 4, 6 we may proceed as follows: In most cases the calculation of dl’,/dx for 
x = 0, 7 will be found to be easy. These give the values of s, + 25, + 353 + 484+ ... which, 
combined with the relations furnished by the other values of x inserted in F,, will give the 
- value of s,. Only one of the two values is necessary, but the solution of the equations is 
simplified by using both: they give also the (7 + 1)th harmonic and higher accuracy to the 
(7 — 1)th harmonic. 


2.4. Errors of the coefficients. When multiples of 7/n are used for the special values of x, the 
solution of the linear equations for the cosine series gives, instead of c;, 1 < m, the value of 

Cy + Con—¢ + Cones 1 Canai 1 +025 
if we include all the terms of the series. Thus the principal part of the error of c, is the rejected 
coefficient C.,_;. When 7 = 1, we actually determine the value of 

Cee Cape cee ees 

so that the error of c, iS C3, Hence the lower the harmonic the higher the accuracy with which 
it is found, with the exception of the mth which has an error equal to the coefficient of the 
3nth harmonic approximately. 

In the case of F, we determine the value of 

Spi ‘Sanat, te Sanne Sane ees ss 
instead of s, for 7 < ”, so that the principal part of the error of s; is — s.,_; and the same rule 
with respect to the errors of the coefficients of the lower harmonics holds. 

When the harmonic with coefficient s, (which vanishes when x is a multiple of z/m) is 
found for ” odd by using the additional value x = go°, it is easily seen that we actually deter- 
mine S, — 2Sn1o +..-; for without its use we find s,_, — Sn. and with its use we find 
Spog— Su + Snag — +s», $0 that the principal partof the*error of $s — 25,45. 11 47— G0 “me 
also used in finding F,, we determine c,_, with an error c,,3 and c,,, with an error — C,,3, 
the errors of the other coefficients being unaffected. 

When 1 is even, the use of the additional values dF /dx with x = 0, 180° gives us 

Spot Sd sick tcey US BAS yo RO ee eee 
so that the principal part of the error of s,_, is s,, 3 andthatof s, is 25,,., the remaining earlier 
harmonics being unaffected. Thus in the case of F, the mth harmonic has the greatest error; 
exactly opposite to the case of /,, where it had the smallest error. 
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2.5. The schedules made out below are given in detail so that they may be used without 
preparation for harmonic analysis either for a single function or for many functions. In the 
latter case, the work should be carried out in parallel columns, any one step being the per- 
formance of the same operation in all the columns; since most of the operations are simple 
additions and subtractions, much time can be saved by this reduction to routine computation. 


In the cases where the coefficients are known to diminish with some degree of regularity 


along values of 7 the results themselves furnish a test of the accuracy of the work; in any case, 
one or two of the special values may be reproduced from the final results with but little labour. 


2.6. Notation for the schedules. The function to be analysed is denoted by F and the argument 
by x. For an even function, we put 
i = 6, Cy (COS 1 Cy COS 2%, Pane 
and for an odd function 
Ps, Sin # = So Sin’ 2% se 
For the special values of x 


Omer OOm mrO0 615 135 030. .150. = 0025 120. 
the corresponding values of F will be denoted by 
eee eel oye agehg eel sy, vlig alg, 
and, in the case of an odd function, 
(Giigx ag — aye (A /dx) a — ae 

The letters A, B, C, ... used in the schedules are defined therein. 

The first columns give the symbols; the second their numerical values in the examples; 
the third, omitted from the computing forms, are explanatory. The error of any coefficient 


is shown in the final values. Thus cg (+ c,) indicates that if cy were known it would be sub- 
tracted in order to find c;. 


Since the same function has been used in all the examples for the cosine analysis, and its 
derivative in the sine analysis, direct comparison of the errors of the various results is possible. 


BB 10 
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2.7. Schedule for 3 harmonics. 


Cosine series F = (1 — 6 cos % 


Values x = 0°, 180°, 60°, 120° 


1 63246 
Ege 120491 
F, -83666 
lee I'14018 
A= io iy 1+89737 
1B JB Re Dey 1'97684 
C =A-B- — :07947 
Di tC —1C 9 OZ 049 
26,=B+D 1°95035 
Al = (hy — fy = -63245 
Sa FP, — FE,’ — 30353 
So = Se ee 9359° 
Cy = Suey) 
By = Oy = 1 — +00846 
Cy (+ Ce "97518 
04 (+ 65 — 31199 
Co (4+ Gg — +02649 
og tt og = INS 


2ly + 2Cy 
26) — Ce 


26, + 26, 
Cy — 2C3 


2.8. Schedule for 4 harmonics. 


ie 


Addition for additional value 7=90° 


3A 94869 
Fg I*O00000 
4A —Fy= 20, — +05131 
Co — +02566 
D-6,=% *00083 
Co (+ 66) "97518 
Cy (+ 5) = BULGE) 
Cy (+ ) — +02566 
C3 (+ C5) — 00423 
C, (— &) — +00083 


Cosine series F = (1 — -6.cos x). x= 

6 -63246 AL = i 
on 126491 1BY es DAM — 

La °75877 Co Si fe fe 

F, 119343 46, = Cl —— 

1k I*00000 MNO GS AB Ia 

A =o + Fo I°89737 2) + 26, + 2, Co (+ Cg) 

if = “94869 Cy (+ Cy) = 

20) — 1B ge O53 0 Cy (+ 6g) — 

C =B+Fs, 1°94869 26) + 20, C3 (+ C5) = 

1D) SS 1a Se Ia I'Q5220 2Cy — 2C, Cy (+ C49) - 

449=C+D 3:90089 

AG = (G = ID TORS 


Schedule for 4 or 5 harmonics. 


Sine series. F = -3 sin x (I — -6cosx)*. x= 


Fa, "47434 
Fa °23717 
li *30000 
Pq *27957 
Fy » TTS 
A= Pig hy 45732 
Bo =A=+wW2 32337 
2s,—= B+ Bo 62337 
CBD. hiner O 23377 
D =Fy+Fqy -71151 
2Fy -60000 
1B SID i, ans 
Gaye 02788 
Gn == (& +e "05125 
48, =G—C ‘00451 


=10 ) 150 
Gee Pie ae / 
B= 44’ Fa 
Poy = By = Lar 
ASg == Gi i2S, 
/2 (Sy + S3 — Ss) Sy (— $7) 
Sy + S3 — Ss Sa (— Se) 
S3 (+ Sz) 
2S3 — 2S, A= 2S) 
2S; + OS; + IOS, Ss (4+ Sz) 
8s, + 855 
DS 2Se 


Sine series F’= -3 sin x (I — ‘6 cos x), 


x = 60°, 120°, 90° 


Fe *31053 
Py *22787 
Li *30000 
5,V3 = Fe + Fe 53840 
Si! *31005 
Ss = S, — Fy “01085 
S.V3=F,—f, 08260 
Se °04772 
Sy (— Ss) "31085 
Sp (— Sq) "0477/2 
S3 (— 255) ‘01085 


"43460 
*61470 
03245 
‘01775 
"24715 


°97522 
*31179 
702566 
*00444 
00088 


lal 


OF LOO OO B45 sto o 


V/2 (Cy — Cs) 
20, — 20, 
2C, + 2C3 


AS ork: 


48, + 854 
2S_ + 454 


Cosine series. F = 


Fo *63246 
F,’ 1-26491 
Eg I:00000 
Fe *09311 
IBS! 1'23272 
Ee -83666 
Tas 1*14018 
A =fy)+ fF, 189737 
1b) =a BIR. 2*00000 
Gao a 192583 
1D) Ne 1a 1'97684 
ee See 3°89737 
19 (GD) 3°90267 
664,= E-—F — +00530 
20, — +00177 
46) = FF + 2G, 390090 
Gal T0203 
H =C—D — ‘05101 
66,=G+H — -15364 
25 — -O5121 
40, = 2C, - H — -+00020 


é 5 an 
Sine series. F = -3 sin x (I — ‘6 cos x) *. x = 0°, 180°, 90°, 30°, 150°, 6021207 
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2.9. Schedule for 6 harmonics. 


(1 — 6 cos x)*. 


2ly + 2ly + 2lq + 2Ce 
ZO 20 N20) = 204 
2ly + Cy — Cy — 265 
Boe Oye 20g 
4€y + 4Cq 

4Cy — 2Cy 

46g + 406 

20 ACG 


Schedule for 6 or 7 harmonics. 


Fa, "47434 

Fa ‘23717 

Fy *30000 

Es *21642 

Be -12168 

Fe "31053 

ay *22.787, 

Fy + Fs’ °33810 Sy + Ss — Sy 

3s; = F,;+ F;’— F, -03810 

S3 ‘01270 

Ae i Bg Eg "53840 /3 (81 — $5 + Sz) 
eee N/ 3 *31085 Sy — S3 + Sy 

G = Gy 45 ap °39270 $4 + Ss — Sy 

25) = BC 02355 

D =C—B ‘00185 2553 — 257 

Es Fest Fa ‘7II51 25, + OS, + 10S, + 145, 
G =E—2Zs, ‘08796 653 + 10S; + 145, 
H = — 683 — -07620 — 653 

IK SG — 00925 — 10S; — 10S, 
24,=Gt+H+kK 00251 

2Sy : ‘00021 

25. ID sr 2S, *00206 


(e) 


(e) 

= Oe OO. Om 
A’ =Ff,—F, — 
Bee Reet ees 
C =Ff,—Fyf = 
Di =A’+B = 
E’ = V3 (GY cs 
Ge = IO ab IB i 
Geo IDPS 1 
G’ 4D’ = 
26,=G’ —B’ — 
Co (+ C49) 
Cy (+ Cy) = 
Co (+ C49) = 
C3 (+ Cy) a 
Cy (+ Cg) a 
5 (+ C7) = 
Cg (+ Cig) = 


63245 
*30352 
53901 
*93597 
"93463 
*87060 
‘00134 
“31199 
-00847 


°97523 
*31177 
*02501 
"00423 
“00089 
*00022 
*00005 


A’ =F, —F,’ -09474 
B! =F,— Ff, -08260 
Co Ae 4/32 20940 
DD! = 2B’ = v/3 -09545 
485 =C’—D’ 01395 
48, =C’+D’ -20485 
1D! =I Sa Paya 
G’ =E’— 4s, :03232 
854 *02790 
12S, = G’ — 85, 00442 
Sy (— Sy) 31170 
Se (— So ‘O5121 
$3 (— Sg ‘01270 
Sa (— Sg "00349 
Ss (+ So) “00103 
Sg (+ 25S, *00037 
Sq (+ So) “OO010 


BO 150 00 Wi20e 


2C, + 263 + 265 


C, — 2C, + C5 
/3 (61 — &5) 
30, + 365 
Bi = BR 


y+ C5 


V3 2 + Sq 
V3 (So — Sa 
2Sy + 254 
25,25, 


4Sy + 854 + 125, 


854 + 125 
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$3. DOUBLE HARMONIC ANALYSIS 


3.1. When a function of two angles x, y can be expressed in the form 

F (x, y) = & (A;,» cos jx cos j7’y + B, » sin jx sin 7’y + C, , cos 7x sin j’y + D, » singx cos7’y), 
where 7,7’ = 0, I, 2,..., the numerical calculation of the coefficients can be reduced to a 
double application of single harmonic analyses. 

First, the choice of pairs of values «, 27 — « for x separates the terms containing cosines 
of multiples of x from those containing the sines by addition and subtraction. A similar 
choice for y makes a similar separation in each case. Thus the analysis is reduced to that of 
each of the four groups, and values for x, y equal to or less than 180° are to be used. 

Consider the first group given by 
4A, =F (4, y)+ F (27-4, y)+ F(x, a7 — y) + F (am — x, 2 — y) = 4A, » cos jx cos7’y. 
The special values of A,, , for special values of x, y are arranged in a block, each line containing 
those corresponding to a special value of x, and each column those corresponding to a special 
value of y. 

The special values in each column are analysed by one of the schedules for cosine analysis, 
and give series 4, A, , cos 7x in each of which y has a special value. 

The results are rearranged in a block in which all the numbers A, ,, corresponding to a 
given 7 are placed in a column, the successive columns thus containing the special values of 
the coefficients of cos 0x, cos %, cos 2%, ... for the special values of y. 


The special values in each column are then analysed by one of the schedules for cosine 
analysis and give the coefficients A, »». 


The process for finding the B, , is the same with the exception that the cosine analyses 
are replaced by sine analyses. 

For C, ;, the first block of analyses is that for cosines, and the second that for sines. 

For D, ;, the first block of analyses is that for sines, and the second that for cosines. 


3.2. The choices of special values for x, y are made on the same plans as those developed for 
single harmonic analysis. It is not necessary that the same choices of values be adopted for 
4 as LOE y). 
ee: OF OF oF ‘OF 
iy aca (Fe) (ae) a), lay i 

are to be used in the sine analyses instead of the zero values of the functions F: This is possible 
because the derivatives of the cos jx terms in F disappear from dF /dx when x = 0, 7: and 
similarly those of the cos 7’y terms from @F/éy when y = 0, 7. 


3.3. In the method of development of the disturbing function and disturbing forces in terms 
of g, g’ outlined in § 1.3, the separation into the four sets of terms is made at the outset: in 
each case of a vanishing function for g = 0, 7 or g’ = 0, z, it is replaced by the derivative as 
shown above. 

When the development is made in terms of the angles f, f, (Table X), the special values of 


the first two sets are found together and must be separated by addition and subtraction ; 
similarly for the third and fourth sets. 
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3.4. Example of Double Harmonic Analysis. In this example, part of the calculation for 
finding the development outlined in § 1.3 is shown for the case i = 3. It may be noted that 
the calculations for finding the special values of 7, 7’, E,, E,’, p, p, P are utilised for all values 
of 7. The grouping and addition of the logarithms of the factors which give the required 
special values can be efficiently performed by the sorting and adding machines of the Hol- 
lerith type, when the whole problem of the general perturbations of one planet by another is 
to be undertaken. 


The numerical values of the constants used in the example are 


/ 


aja’ = -700000, é€ = 100000, eé’ = :048400. 


The special values of g, g’ adopted are 0°, 180°, go°, 45°, 135°. With the aid of estimates of 
the remainders, the results show that these five special values serve to give the coefficients 
with errors at most of a few units in the sixth place of decimals. 


From Tables VIII, we find 


aes =+22838 
g log v/a E, g’ log 7’/a’ By ele, mis -COCS 
: ; = (5) =177696 
0° 9°9542425 ° o° 9°9784544 fe) UM feet 
180° *0413927 fe) 180° “0205270 One UN ORE Seyi 
go° *0042930 Tee le go° “OOI0146 a) 32° 1573 ( de’ )y=0 T0301 
45° | 9:9707429 B50, 315° 45° | 9:9854300 | 4° 5’ 35%6 eu 
135° 0314948 7° 25° 20°5 135 0150817 | 3° 45’ 28°6 Ge: =+091266 
g =7 
The next step is the calculation of the special values of log p, #, log P, where 
Y, 2 
ava p a ~ 
p= ort, pe, P=5 rr 
aay. I—p ry’ (I — p®) 
g a 0° g’ — 0° ge’ — 180° oe a 90° g’ = 45° eg’ = 235° 
lo 9°8208861 9°7788135 9°7983259 9°8139099 9°7842588 
10k 9°6417722 9°5576270 9°5960518 9°6278198 9°5685176 
p? -438301 *301100 *395050 424443 7370269 
p *780313 "565190 "653029 737447 *587980 
log P 98922689 9°7521945 98149324 9°8677308 or eose8 
log p? 9:9461344 9:8760972 9:9074662 9°9338054 9°8846813 
log P 9-9918919 9°9218547 9°9532237 9°9796229 9°9304388 
2 = 180° a —Om g’ = 180° Bie GOy, g’ = 45° g’ = 135° 
log p 9:9080363 9°8659637 9°8854761 9°QOTO60I 9°8714090 
log p? 9°8160726 9°7319274 9°7709522 9:8021202 9°7428180 
pe 654746 "539420 "590136 034045 "553118 
p 1896418 ©:171170 1°439834 1+732570 1+237727 
log p ‘2779340 "0686222 "1583124 2380923 "0926249 
log pe -1389670 °0343111 -0791562 “1193461 *0463124 
log P ‘0975743 9°9929184 0377635 0779534 "0049197 


with three more similar blocks for g = 90”, 45°, 


135 


150 


For the case i = 3, we obtain the following logarithms from the results previously given. 
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The numbers with suffix d are the logarithms of the derivatives as explained in § 2.6. 


ar OUN® x, ; de® CINE <c , 
& ae, cos 3E, (G5) sil 3E, i = cos 3E, (F) sin 3E’, 
0° 9:3980215 9°2338002, On -0646368 97554606274 
180° 9°6594721 9°38627184 180° 99384190 9°37584924 
90° 9°4659700 9°2974332 go° 99784390 9°4531735 
45 9°3991316 9:0977816 45° "0330506 9°3714412 
35a 9°5961198 9°2083311 135" 9°9462928 9°2458989 
; a 


With the 25 special values of #, we obtain from Table I the following values of log Ge 


Cee ce 0° 180° 90° Pe £35° 


0° 9°777266 = 9°781960, 9780010 9*778179 9781449 
180° 9°750460 = -9'769381_ = 9764305 9°759215 = 9 76811 
go° 9°708224 = 9°770140 9772944 9°709827 9775315 
45° 9°774827 = 9°780333,--9°778003, 9775910 -9°779741 
135 9°790277 9°771479 = -9°707075 9°702626 9°779357 


Finally, by additions of the logarithms of the special values of the functions 


(3) av\> cos a’\3 cos 
ep G4 ’ al ass : 3E, ’ He 2 5) 
a asin 7} sin 


we obtain the logarithms of the four sets of special values to be analysed. 


if 
Eas 


In the illustration given above, the derivatives are shown with the suffix d. But in the 
actual calculations no such distinction is necessary. Each cosine analysis proceeds with the 
values of the function when x = 0, z or y = 0, 7 and each sine analysis with the corresponding 
derivatives: the symbol will not be used below. 


3.5. From the logarithms the numbers are found and entered directly on the sheets for the 
double harmonic analyses. The whole of the work for the latter is shown in the two following 
pages. The schedules are those of § 2.8. Estimated remainders and the corrections due to 
them as given in the schedules are indicated by italics. (The latter are used to save space in 
the printing: it is better to use brackets on the computing sheets.) 


The four blocks are respectively those for finding the four groups shown at the beginning 
of § 3.1 with g for x and g’ for y. Errors of more than two units in the sixth place should not 
be present except perhaps in those coefficients which contain estimated remainders of more 
than seven or eight units: the latter will be reduced to three units when the results are 
expressed as cosines and sines of multiples of g, g’, on account of the divisor 4 which accom- 
panies the reduction. 


The calculation is exhibited in units of the sixth decimal place. 
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I51 
§ ian OF 180° go° 45° 135° g’ Cos 0g cosg  cos2g cos3g cos4g cos 5g 
0, 0° 170536 109712 128737 154699 113817 0° 246425 — 102015 27935 — 2000 I9I — 24 
7 180° 378507 229187 275453 339081 239222 180° 153157 — 58833 16212 — 904 80 —1I0 
9 90. 218681 137025 le 197319 142543 90° UmeaIMOYOY —= GPE TKO Ko, anya ETE 0 
a 45° 175512 II2115 13193 158988 116397 45° 221945 — 90501 24786 — 1690 159 — 20 
A 135 ; 316955 194039 232221 284585 202319 135° 159445 — 61729 169089 — 973 87 — 9 
= Fy + Fo 549103 3388909 404190 - 493780 353039 A 309582 — 160848 44147 — 2904 271 — 34 
aed 274551 169450 202095 240890 170520 B 19979I — 80424 22073 — 1452 136 — 17 
a Fy 55870 32425 39588 49571 33977 2Gy 17601 — 8289 2279 — 228 25 = 6 
eb Ey 493232 306475 364602 444209 319063 © 381981 — 152559 41867 — 2676 247 — 28 
ar 492407 306154 304159 443573 318716 D 381390. — 152230 41775 — 2063 246 — 29 
i tD 985099 612629 728761 7782  ©37779 46 | 763371 — 304789 83642 — 5339 493 — 57 
a CD 795 321 443 636 347 4Cy 50t —9 320 925 See I 
fo i, — Fb,” — 141443 — S19?4 — 100283 — 1255907 — 85922 AY 62500) = =) 28772) 977/97 eZ ee 
v= / 2A’ — 20003I — 115858 — 141822 — 177621 — 121512 B’ 88388 — 40690 11027 — 1014 103 — 16 
a Fy — Ff’ — 208031 — 119475 — 146716 — 184382 — 125405 (OF 93268 — 43182 11723 — 1096 III —T14 
6, = C’ — B’ — 8000 — 3617 — 4804 — 6761 — 38093 403 4880 — Bee 696 82 2 
pe C’ + B’ — 408062 — 235333 — 288538 — 362003 — 246017 4Cy 181656 — 83872 22750 — 2110 214 — 30 
nw fo) I 2 3 4 5 6 
Coefficient A;, ;’ fe) + 190843 — 76197 + 20910 — 2 — 1335 + 14 123 — 14 +2 
in I aa 43 14 — 20968 + 5688 — I — 528+ 8 54 — 8 +1 
oe ‘ hf 2 -- 00 — 3 — 4144+ TI + II40 — I144+ 3 12 — 3 
DAj,j Cos 78 COS 7 § 3 atte nee = 78 = "a3 ae ony: ails oe = 4 = 20 2 
4 ap 14 = 2 SS 23 - 3 
5 se rs — DT ap 4. 
6 SF 3 — a 
g Y= oO 180° go° 45° Ihe g’ sing sin2g sin3g sin4ag sin 5g 
Fy, On 30109 20581 26315 23070 15545 On 46686 — 6500 845 — 32 3 
Fy 180° 62309 33452 43810 39344 25422 180° 25839 — 3207 391 — 6 I 
Fy go° 45844 25449 32889 29134 19275 90° 33430 — 4349 «542 ~— 13 I 
Fy 45° 27107 15340 19672 17294 T1595 45° 29049. — 4034-516 — 17 2 
Jape 135° 40108 21753 28369 25363 16514 135° 19570 — 2460 301 — 5 I 
A =F,+F, 67215 37093 48041 42057 28109 A 49225 — 6494 817 — 22 3 
een 2 47528 26229 33970 30163 19876 B aes = 450259 15797 a 20 2 
253,=B+H, 93372 51678 60859 59297 39151 2S, 68238 — 8941 I1I2I — 29 3 
CG =B—F, wes 780 1081 ee ee . 1378 — 243 37 ~ 3 I 
=F, + ky 8 54933 o125 241 40907 TELS YO, BENS + 
Pe dn 91088 Boson oe 38268 38550 2F 66860 — 8698 1084 — 26 2 
pe 2F, 6790 3135 4347 4146 2417 E 5665 — 1009 152 — 12 2 
G =}E 1698 784 10 1036 604 G 1416 — 252 38 — 3 Co) 
45,=G+C 3382 1564 216 2065 1205 453 2794" = 49500 75. eaaO I 
jo= Ge 14 4 6 7 3 455 38 - «9 o -1 
A’=F,-—F7 — 26260 — 12871 — 17495 — 16274 — 9877 A 20847 — 32903 454 — 26 2 
B’ = 3A’ — 13130 — 6436 — 8748 — 8137 — 4939 B’ 10423 — 1647 227 — 13 I 
iy = Tp 1 — 13001 — 6413 — 8697 — 8069 — 4919 2Sy 10073. — £574. 215 = 12 I 
ee Bis, Pio 23 eR AOS = 20 4S4 250) = | 73 12: =e oO | 
pes I 2 3 + 5 
ie < 
Coefficient By, 4’ 
an a I + 34119 — 4470 + 560 — 14 + 1 
Gia ey 2 + 5037 +1 — 787 + 108 — 6 
= Bj, 7’ sin jg sinj'8 3 + 699 — 12 + 19 — I 
4 ap 88 + 2 — Lore 3 
5 + ao) - 2 
6 ae iE 
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152 
g 180° 90° 45° 135° g’ cosog cosg COS 2g COS3g COS 4g COS! 
Io 0° 30039 38409 33672 22689 F, Ov 76157 — 31527 8633 —618 59 —6 
IE 180° 62751 82182 7380 47687 Inge 180° | 41934 — 16108 4439 — 248 22 — 2 
Fy go° 37517 48484 4294 28415 Fy go" | 54357 — 21521 5900 = 305) 33 ae 
Ey AD: 30697 39304 34605 23203 Ea 45° | 48309 — 19699 5395 — 308 35 —j 
Fy i352 53127 69283 61943 40331 || fy 135° | 31784 — 12305 3387" — 194 (17 uae 
Be se Ji IO IS 92790 I20591 107476 70370 A =F,+F, | 80093 — 32004 8782 — 502 52 =& 
B =+tA 46395 60296 53738 35188 B=A+v2 50034 — 22030) 0210) 130763 jane 
26, = B — Fy 8878 11812 10790 6773 2s,;=B+ F, ILOQOI — 44151 12116 — 702 7O =F 
C.=B+F, 83912 108780 96686 63603 GS sep = Sip 2277 — 1109 304. — 325 Ae 
IDY = 1B, Be 83824 108647 96548 63534 D =F,+ Fy |\118091 — 47635 13072 — 806 381 = 
44, = C+D 167736 217427 19323 127137 Pale 108714 — 43042 11812 — 730 66 — 6 
404, = C —D 88 133 13 69 1B == ID = Al 0377 — 4593 1260 — 130 15s 
FANE er ei | — 22430 — 29919 — 27338 — 17128 G@ =s778 2344 — 1148 315 — 34 4 C 
IBY = af aa — — 31721 — 42312 — 38062 — 24223 483 =G+C 4621 — 2257 619 — 66 =i 
elo Hoh STs27i2— +-43773 | 4013256 24908 Asp GieG 67 = 39 9 - =) (250 nam 
Ege Cea Ee Oy | 991 1401 1470 775 = Fy— Fy’ | 34223 — 15419 4194 — 370 37 —4 
4¢,=C’4+ B’ |— — 64433 — 86085 — 78794 — 49221 ley! = 4A I7IIT — «771052007 — 135) "lO a 
be ee Pas a Jey es IE 16525 — 7394 2008 —174 18 —@ 
4S, = B’ — 25, 586 — 316 89 = Il” toe 
Bhd ° 2 3 4 5 
ae 
Coefficient C5, 7’ I + 55496 — 22076 + 6058 — 381 + 3 + 35 —3 
2 + 8262 + 2 — 3607-1 + 1004 _ =? + 9 
> Cj, 7’ cos jg sin j’g’ 3 + 155 5 O4 155 eee ap 
Hit Page 4 + 146+ 4 = 79 —2 22 —- 3 
& =e 107/ — Io 2 
6 =F 2 — I 
| 
g 180° go 45° 135° g’ sin g sin 2g sin3g sin 4g sin 5 
Fy 0° 75168 88203 105990 77981 o° 151064 — 210 2735 — 10 II 
Fy 180° nZone 146841 180760 127526 180° 94373 — ee os — oe 3 
Ps go° 92949 110235 133849 96093 go® | 112047 — 14575 1817 — 42 5 
LE 45° 5602 65935 79453 58168 45" | 136213 |= 18536 2373 ze 9 
Fy 135° 79451 95085 116525 82841 135° 98200 — 12337 I5II — 25 4 
A at 135479 161020 195978 141009 =Fy+ Fy’ | 245437  — 32746 4163 — 124 14 
B=A=+=v¥2 95798 113858 138577 99708 = 3A 122719 — 16373 2081 — 62 7 
PG, = Ia se Ik, 188747 224093 272420 196401 = B — Fy 10672 — 1798 264 — 20 2 
Cy = Be Fs . 2849 3623 4728 3015 =B+ Fo 234706 — 30948 3898 — 104 10%, 
Di Big elig 197345 235044 2860750 205507 =F, + FG) .| 234413. <990875 69884. = 10) eee 
BIB 185898 220470 267698 193386 = OC -- D 469179 — 61821 7782 — 207 25 
WE = D — 2F, 11447 14574 19052 I2121 =C—D 353 — 75 4 —- I —-1I 
GA 2862 3644 47603 3030 SI Eine de 38013 — 6199 862 — 53 5 
453=G+C 5711 7207 9491 6045 = / 2A: 53759: = 18707 1210 vas g 
455=G—C_ 13 21 35 15 = ig — fo, 50691 — 9323 £0 Ge 34 
A’ as ba Fy — 47009 — 58638 — 74770 — 49545 (CF =, 157" 2932 — 550 —- 9 I 
Bo = ; — 23504 — 290319 — 37385 — 24772 = Coetebe 110450 — 18090 2526 — 159 15 
25, = BH, — Fy — 23423 — 29150 — 37072 — 24673 
= B’ — 255 — 81 — 169 — 313 — 99 
op 
j pe 3 4 5 
Coefficient Dj,’ fo) + 117295 — 15455 + 1945 — 52 +6 
I 27008 — + 631 — 40 +4 
> Dj, 7’ sin jg cos 7’g’ 2 hE 5330 =k - + 132 = 10 hot 
5} ay 733 — Io — ap OP — 2 
5 = Io - 
6 ate I 
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4.1. The coefficients in Table I are obtained from the formulae 


(I — 2a cos S + a2)-§ = 4p + 4 B® cosiS 
i=1 


= (1 — a2)-* (JC g + ¥ CW g6 aé cos 1S) 
= (I — a2)~* (4G + © G® at cos iS), 


where COE fee oe a 
4 4} 
Deere oot S SalSeah (ge 5) eee Boyce 
és I sary Aas lee Gea) aye seo Se + 
4,2. The calculations were carried out in the following series of steps. 
Calculation of ae ae was made from the series for the values = — -2, — *I, 0,1... 2°5; 


the negative values being needed for differencing, and the last value of p corresponding to 
a = -845. These series, originally calculated in powers of #, were transformed to series in 
powers of # — 1, # — 2, for calculation with the larger values of p.* 


4.3. The later values referred to in the footnote are shown below, the last place of decimals 


used in the calculation being omitted, the first pair giving the series for g)"’, gy” in powers of 


p — 1 and the second pair those in powers of p — 2. 


(10) (9) (10) (9) 
ey s | 4 4 
+ :97912 12016 973 + +97719 46820 793 + -96112 8264 + *95775 8865 
— 1926 51961 800 (pf — I) — 2090 83533 022 — 16846993 (b-—2) — I8I1I 759 
4 TAr 68124 79 (p=) + 165 03922 77 + 103 5235 (p—2)? + 118 3888 
= 16 5942328 (p—1)? — 20 50644 4 - 97325 (p—2)2 — II 7310 
Ga 25151445 (pi) + 3 29553 5 me TI51O (p— 2)" + I 4542 
— 45133 (p-—1) — 62215 0 -- 1580 (p—2)> — 2081 
+ ort sean 2) 13205 8 a 240 (P= 2) 330 
— ASO S| AG eae ra 3064 = 40 = (P= 2) 56 
A 485 (Dire 2) bart 762 2B 7 \Dias2) ee 10 
_ 123 (2a et) ee 201 — I (p—2)? — 2 
may) One t= 6 rs 

es as tp - af — 6 + 979121202 p=1I + *97719 4682 
aa 3 Die US eee 5 
- I (p—1)e — 2 

Saar : 
+ I:00000 00001 2 Se + I:00000 00002 


4.4. The values of g, e9 for s= 3, $, } for the same values of f were successively obtained 
from the recurrence formulae 


: } : : At ; 
(t) — gt) (t) G1), (4) (i) 
E541 = gs au apH; ? E541 4 + § + ie (one =F Hf; )s 

, S , 
Oy Sa) So tt) (i+1) 
ee ~ g; gs an 4 ty 8s . 


* E. W. Brown, Mon. Not. R.A.S. vol. LXxxvull (1928), p. 459; vol. XcrI (1932), p. 224. The calculations were started 
with a lower degree of accuracy and before the series in powers of p — 2 had been obtained. They were afterwards cor- 
rected by means of the series obtained later and given in the text. 


BB If 
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There is loss of accuracy in the number of places of decimals for p > +5, but not in the 
number of significant figures, so that the logarithms of the coefficients are all accurate to the 
same number of places of decimals. 


4.5. The values of ce for 1 = 9, 8, ... I, o were calculated from the recurrence formula 
Giga n@) p (ee oN ERS (Secale, 
S: 8s ae p ois it ie &. ar a(t Hi I) Ss . 


There is no loss of accuracy in the use of this formula except where #, s are large and 2 is 
small simultaneously, and the loss was found to be negligible owing to the fact that g® > g¢*+? 
OTE Sys ae 

The results were tested by differencing along values of . A final test was obtained for 
s = $ by an independent calculation of gy, &’ to nine significant figures from Legendre’s 


Tables of elliptic integrals with the use of the formulae 
gpa (alse, eP =o) 2 #,). 
Since these values had been reached through the successive calculation of the g@ from 


7 = 11 to z= 0, the test checked the whole series. For the higher values of s, the test was 
made with the help of the formulae 


(0) (0) (0) (1) py ate H® (0) (0) (1) (1) 
s+1 s : 
Seti = 8s ale 2p, , &s+1 = SST = 9 lel = fie =i &s =F S85 . 


4.6. The logarithms of the C{? were added to those of the g° to obtain those of the G. 


The numerous operations caused occasional accumulation of errors in the last place of 
decimals. The largest of these were eliminated by adjustment after the results had been 
differenced along values of #; those remaining mainly occur at the two ends of the series 
where high accuracy is least needed, consequently an error of three units in the last place is 
probably very rare. 


4.7. The final step was the interpolation from values of # at intervals of -r to values at 
intervals of -or. 


The interpolation to tenths of a few coefficients had been completed by the use of Comrie’s 
Tables* when the co-operation of the Statistical Bureau of Columbia University was secured, 
After some experiments with different methods of interpolation, Mr R. M. Mendenhall of 
the Bureau communicated with Dr L. J. Comrie and finally decided to use Comrie’s method 
of end-figure determination which had been adapted by Dr Comrie to the use of the Hollerith 
tabulating machinesf. Since then, all the interpolations have been performed at Columbia 
University using the Hollerith machines of the Statistical Bureau. 


The adaptation of the end-figure method to the use of the Hollerith machines is best 
explained by quoting from a paper by Mr Mendenhall to be published shortly: 

"The work of taking the contribution of each difference from the table is replaced by 
sorting out pre-punched cards. It was necessary to construct somewhat more detailed tables, 


* British Nautical Almanac for the year 1931; pp. 828-859. Also issued separately. 
+ Mon. Not. R.A.S. vol. LXXXVIII, p. 506. 
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and punch the corresponding sets of cards, than the tables given by Dr Comrie....The con- 
tributions to the end-figures were calculated to one more decimal place, and the tables were 
extended so as to eliminate such features of Comrie’s tables as using the remainder after 
division by 4000 (second differences) or 5000 (third differences) and adding + 5-00 for « = °3, °7 
if the third difference is 5000 + a. Separate sets of pre-punched cards were constructed for 
positive and negative differences. The sets of cards were constructed complete for differences 
up to the eighth order. 


“None of the changes mentioned above constitutes an actual difference in the method of 
interpolation; they are adaptations made necessary by the circumstance that the work, if 
satisfactorily arranged for the machine, must have a purely routine character. For further 
details on this part of the work we may refer to Dr Comrie’s description already quoted, the 
method here applied being materially the one devised by Dr Comrie.” 

An important feature of this machine computation is the absence of undetected errors. 
In the interpolation, the pivotal values are reproduced in the machine, and a comparison at 
once indicates whether the work has been performed correctly. 


The following example will show the details of the interpolation. Part of a sheet giving 
the pivotal values was as follows: 


p log Gg‘) Al AM Alt Alv 
ey 
— +2 15091668 
+ 837461 
—-I I*5929129 — 52836 
784025 + 5290 
‘0 1°6713754 — 47546 AT 
737979 — 90349 4743 — 1084 
het 1°7450833 — 42803 = 537. 
694276 — 81400 4206 — 1036 
ee 1-8145109 — 38597 — 499 
The functional values for = — :2, — ‘1 had been calculated in order to provide the 


higher differences for interpolation between p = °0, ‘I. 
With the formulae: 
See A, = -02251(A, A, +000 A, + 00301875 (A, -- Ayes, 
8) = 4. 0050 (Ad + Ai) — -004 Ai — -0006375 (Ay + Ay) ..., 
so = POT Ag =) §O00E75 (Ng aAqi eee 
the leading first, second and third differences were found using a Monroe or a Millionaire 
computing machine. Thus: 
p= 00, di= + 75765, 81=-— 470, d= +5. 
The end-figure determination with the Hollerith machine gave machine sheets with lines 
containing ten numbers: 
p=-0, 400 896 390 374 337 760 123 894 542 524. 
These are the end-figures with two extra decimal places for # = -00 to ‘og. On this machine 
sheet the two superfluous decimal places were suppressed and the end-figures were differenced: 


End-figure 4 9 4 4 3 8 I 9 5 5 
First difference 5 5 O 9 5 3 8 6 O 8 
Second difference 470 465 401 454 452 445 442 430 432 


Third difference 5 4 2) 2 i 2 6 4 
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The complete second differences for the whole table of 250 functional values were thus 
found from the leading second difference (470) at p = -oo and the complete set of third differ- 
ences. These 249 second differences were punched on cards and added in reversed order to 
the leading first difference (backwards) at p = 2:50. This difference was computed with the 
formula given above. It was necessary to run these in reversed order because the second 
differences were negative and the machine did not subtract. 


This machine operation produced and printed all the 250 first differences, giving as the 
250th value the leading first difference at f = -oo, providing an intermediary check on the 
work. 


Cards were punched with these first differences and added by the machine to the functional 


value for f = -00. With this operation the tabulator printed the complete function with the 
first differences as follows: 


p log G™ 

00 167 13754 

oI 16789519 75795 

02 16864814 75295 

03 16939644 74830 

04 17014013 74369 
etc. 


As every tenth value should agree with the pivotal values, the work is completely checked. 
The machine sheets are ready to be used as the printer’s copy after the decimal point is 
supplied. 


On the big tabulator at the Statistical Bureau it is possible to perform the whole work of 
producing the interpolated functional values from the leading first, second, etc. differences 
at p = -00, and a complete set of, say, third or fourth differences, in one operation. With 
negative differences complements can be introduced or, as in the printed example given 
above, the order in which the differences are added can be reversed. 


The “Summary Card Punch”? will perform only one step in one operation but can be made 
to punch the numbers it produces on cards to be used for producing the differences of the next 
lower order. With this new machine only the set of the differences of the highest order used 
must be punched by hand. The machine can be made to do all the remaining work. It is 
obvious that reversing the order in which the differences are added completely solves the 
difficulty with negative differences. 


Seven functions (with 7 < 2) out of the 48 functions tabulated had such large higher 
differences for low values of # that the interpolation formulae were not sufficiently convergent. 
With these functions all that was necessary was usually to subdivide the interval to halves 
by supplying the functional values for p = :05, *I5, °25, ... etc. by recurrence formulae, and 
to interpolate to fifths afterwards. In no case was it necessary to extend this beyond p = -8o. 
From ~ = -80 to p = 2:50 the interpolation formulae were sufficiently convergent in all cases. 


In a few cases for # < -4o even the interval -05 of # was too large for interpolation. These 
functions were treated individually according to the circumstances. As G® gives better con- 
vergence for low values of # than log G%, it was sometimes possible to interpolate G and 
to take the logarithm after interpolation. In other cases where special treatment was neces- 
sary for p < -20 only it was found preferable to reduce the interval to -02, interpolating finally 
to halves only. 
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4.8. The method used for the derivation of the series in Table V is described in Mon. Not. 
R:A.S. vol. xc (1932), pp. 224-227. 


4.9. Table VI was computed from the formulae 


(I + a2 — 20 cos S)*# = (x — a)-! (EKy” + = K® cos iS), 


0) 4 ans a)_ 4 i Tet (ee ee I ye 0 (i—-2) 
ea) KO Fe =F) Kp= a" (a + 2)K a 


where F,, E, are respectively the complete elliptic integrals of the first and second kinds. 
Legendre’s Tables were used to find the first two coefficients, the remaining coefficients being 
calculated by the recurrence formula. The computations were directly made for intervals of 
« of -008 and afterwards interpolated to intervals of -oor. 

4.10. Table VII was similarly computed with 


(I + «2 — 2a cos S)# = (1 — a%)7? (4Ky” a et Ky cos 1S), 
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INTRODUCTION 


IN this investigation the general orbit of Hector is determined by the application of Professor 
E. W. Brown’s theory*, giving expressions for the co-ordinates explicitly in terms of the time. 
The large amplitude of Hector’s libration and the large inclination of its orbit make this 
asteroid particularly interesting. The first approximation to the values of the constants of the 
theory are obtained by the application of harmonic analysis to several osculating orbits. The 
second approximation is made with the help of approximate expressions obtained from the 
general orbit of Achilles. The notation used is, unless the contrary is explicitly stated, that of 
Professor Brown’s memoir. 


Section I. DETERMINATION OF THE CONSTANTS 
I. The arbitrary constants of the solution to be determined are: 


7, = Amplitude of the libration. 

v) = Phase of the libration at epoch. 

» = Constant of eccentricity somewhat analogous to that of the ordinary theory. 

o = Constant of Perihelion. 

y = 1I—cosi, where i is the constant part of the inclination of the asteroid’s orbit to that 
of Jupiter. 

6, = Constant part of the longitude of the node of these same planes. 


2. The first approximation to the values of these constants was obtained from the eight 
sets of osculating elements of Stroémgren and Vinter Hansen}. These elements being given for 
equidistant epochs during a period of seven years lent themselves readily to harmonic analysis 
and gave the constants with considerable accuracy. 

The inclination and the longitude of the node were the easiest constants to determine, for 
they are comparatively independent of the four other constants, and, with the exception of 
being referred to the plane of Jupiter’s orbit in one case and to the ecliptic in the other, play 
the same role in Brown’s theory as in the osculating ellipse. The eight values of each of these 
quantities were plotted and the means taken from the graphs. These mean-values were then 
referred to the plane of Jupiter’s orbit to give 7 and 4. 

The constants of the libration and those of eccentricity and perihelion were troublesome 
because the expressions for one involve the values of the others, and successive approximations 
were necessary to determine each. 

To obtain a first approximation to 7, and v I used the quantities obtained by subtracting 
from the mean longitude of Hector at each of Strémgren’s epochs the corresponding mean 


* “Theory of the Trojan Group of Asteroids,” Transactions of the Yale Observatory, Vol. 3, Parts 1, 11; Astronomical 


Journal, Nos. 825, 826. 
+ Publikationer og mindre M. eddelelsery fra Kabenhavns Observatorium, No. 12. 


162 THE GENERAL ORBIT OF HECTOR 


longitude of Jupiter. In order to remove from these values terms with the period of Jupiter, 
they were analysed by the method of least-squares into the following form: 
My, — M,= 1G + Kat + Ky? +- K, sin % -|- K, cos #. 
Here ¢ is the time, % the mean anomaly of Jupiter, and K,,... K; are the constants to be 
determined from the solution. By removing the terms with argument 4, we have remainders 
very nearly equal to the values of 7 at these dates. These quantities we have represented for 
this short interval of time by a power series, but for the theory we need the values of the 
coefficients of a Fourier series, which, during this interval, will give the same values of r. 
The eight approximate values of r at date are to be expressed in the form given in § 83 of 

Brown’s Theory: 

+ = 60° + 7) + 7, COS do + 72 COS 2h9 + ..., 

do sve aa Vo, 
where 7, and » are the arbitrary constants, and 


pos 3V3./im (I+ 4pm — Bor? — By + 480? + 28 + $4-V3 4), 


m9 = 8V372 — 3V3y + B2V30" + $e, 
i 4V 372, 13S CET 
a = ne’ sin (w — w’ — 60°), 
B =e 4+ ne’ cos (w — vo’ — 60°), 
e’, w’ = eccentricity and longitude of the perihelion of Jupiter’s orbit. 
Obviously such a representation must be made by successive approximations. 
n and w were determined from the following formulae: 
COSS a au meCOS , COS 5 j 
“an” sin” sin CsteAslo etek 
where é, w’’ are the mean values of the osculating eccentricity and the perihelion, and 7) is the 
value determined by the method of the preceding paragraph. Since the expressions for 7 
involve 7, w, while the expressions for 7, o involve 7,, additional applications of the method 
of successive approximations were required. 
The values of the constants obtained by this process were: 


Vem OO53); eee ODS 76 Shee 328, 

0, = 338° 32’, Gil uel ¥p = 135 

3. The direct perturbations of Hector by Saturn were obtained from Leverrier’s theory of 
Jupiter and Saturn* by the method outlined in Chapters 111 and Iv of Brown’s Theory. For 
this purpose were needed the mean values of the osculating elements of Hector. These were 


obtained with sufficient accuracy from the plotted values at Str6mgren’s epochs. The adopted 
mean values were 

(pS ihe One OyG C= 10301 we == Th ee OO e4r ss 
After the final values for the constants of the libration had been obtained the perturbations 
involving these constants were corrected. 


* Annales de l Observatoire de Paris, Mémoires, Vols. X, XI. 
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In view of the large amplitude of libration of Hector it was necessary to include its effect 
in the 2M” — M terms in e, and ea,. The effect of this was to slightly change the terms with 
argument 2M” — M and to introduce terms with this argument plus and minus 4. 

The chief difficulty with using the theory of Jupiter came from the large value of Hector’s 
inclination, but the errors from this cause are within the limits of the accuracy obtained. 

Some of these perturbations were applied in the same manner as had been done for 
Achilles, but it seemed advisable in the case of the eccentricity and perihelion to add the terms 
of long period to 7, w and those of short period to e, w’’. Also, those of the inclination and the 
node were added to the ecliptic values of these quantities rather than to 7 and 6 of the theory. 

The indirect perturbations were obtained by the method suggested by Brown and gave no 
trouble. 


4. The perturbations by Saturn having been determined, it was possible to remove their 
effects from the elements; leaving the effects of Jupiter only. The elements thus obtained 
were then available for making the second approximation to the constants of the Trojan 
theory. In this approximation y and 4 were obtained by the use of elliptical expressions; 
while 7,, v, 7, and w were determined by using the orbit of Achilles to give approximate ex- 
pressions for that of Hector, as suggested in § 137 of Brown’s Memoir. 

In the Trojan theory the principal part of the inclination is given by 

T= 1I—cosi= yq, 
where y is the arbitrary constant. We can, to a considerable degree of approximation, replace 
g by the corresponding elliptic expression 
= oes so here a’ = Jupiter’s semi-major axis 
gee - 
a, e = Hector’s semi-major axis and eccentricity. 

Using for 7 the values obtained by referring the osculating inclination and longitude of the 
node to the plane of Jupiter’s orbit, and using the values of a and e from the osculating orbits, 
eight values of y were derived. These were plotted and the mean adopted. This value of y is 
so near the true value that final changes did not affect any of the expressions involving this 
quantity. The value of # was obtained from the eight plotted values of the quantity, and gave 
no trouble. 

Brown’s Theory gives the orbital longitude by the expression 

v = M + (equation of centre with M — ow”, e) + (sv — 82), 
whereas in an osculating ellipse 
Voso = M yc + (equation of centre with M,., — osc, lose): 


Here v and v,,, differ only by a small constant which arises from the fact that v is measured 
along the ecliptic, then along Jupiter’s orbit, and finally along that of Hector, whereas »,,, 
is measured in two planes only. As 8¢ and 8v are small, M, n, e, w” do not differ much from the 
corresponding elliptic values. There are similar relations in the case of w, the reciprocal of the 
radius vector. The method used here was to determine the corrections 5M, 5n, Se, 5a’’, which 
must be applied to the osculating elements to give the corresponding ones of the Trojan 
theory. These were obtained, as suggested by Brown, by solving the four linear equations 
(sad + $e - + Oc Es t On =| U, U, 0, U = Sv, du, dd, 84, 


Ow 
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where the partial derivatives were obtained from elliptic expansions, and the right-hand 
members from the corresponding values of these quantities for Achilles. These latter quantities 
were computed by multiplying, in the expressions for Achilles, terms with argument i¢) by 
[7, (Hector) /r, (Achilles)]* and those with argument 7 (M — a,) by [a (Hector) /e, (Achilles) |’. 
These expressions were derived for each of Strémgren’s epochs, and also for the set of ele- 
ments for the epoch 1924 obtained from these by V. Hase* with special perturbations. These 
latter elements were not as accurate as the former, but in view of their later date had consider- 
able weight in the determination of the constants of the libration. The addition of the values 
of 8M, 8n, Se, 8m” to the osculating values for each date gave nine sets of values for M, n, e, 
ow” from which to determine the four corresponding constants of the Trojan theory. 

For the determination of the constants of the libration, the expressions with the time as 
the independent variable} were used. 

T, = T) +71 COS $y + 7; COS 2¢y + ... — B72 v SIN 2hy, 
by = $) + (299'°128i + M,-— M,+ H, — Hy) v + $.— $s, 
M = + 299/128 + 7, + M,+ Hg. 
Here M,, ¢, are direct, and Hg, indirect perturbations by Saturn, and ¢ is the number of days 
from the epoch. A bar placed over a symbol indicates the value of that quantity at the epoch. 
The arbitrary constant », has been replaced by ¢), whereas 7, has the same value as before. 

The use of the orbit of Achilles for the determination of y, a is evident from examination 
of the expressions for e, o”’ on pp. 125 and 133 of Brown’s Memoir. 

This method of using approximate developments of another asteroid does not seem to 
have been justified in this case, for the calculations were laborious and the gain in accuracy 
did not warrant the additional labour. Part of the difficulty was undoubtedly due to the 
very large value of 7, for Hector. 

The results from the second approximation were: 


¥ = 0°053513, 7, = 0°32863, 1 =0:0476, ¢)=154°29'40", w= 224° 20’, 
7, was not believed to be known with this accuracy but the constant 0 used in the theory, 
which is a function of 7,, was adopted as 0:26300 and this corresponded to the above value 


of 7,. It is desirable to carry extra decimal places so that the differential corrections to be 
applied later will be significant. 


SecTion II. CALCULATION OF THE EXPRESSIONS FOR THE CO-ORDINATES 


5. The intermediate orbit was computed by harmonic analysis using the general formulae 
of § 142 and the values of the constants from the preceding paragraph. The following corrected 
expressions were substituted for those in the text: 


A? = 2 — (2—T) cost = @ (1+ bcos ¢)?, 


ees = 
Cs = 545 S (x + sa) 6 
IO O 12 ut 
E Ses to St +o (Be (x ale 


* B.I,A., Leningrad, No. 8. {+ § 149 of Brown’s Memoir. 
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Because of the large value of b for Hector, the functions were computed for nine values of ¢ 
instead of seven as suggested in § 21; the values for $ = 45° and 135° being added. 

As a check on the calculations equation (142-9) was solved for the constant @, and this 
quantity computed for the special values of ¢. These values were found to agree among them- 
selves and with the values of @ computed by equations (71-1) and (71-2) with the expected 
accuracy. 

The calculation of R, and R”, involving x, was necessarily performed by successive 


approximations. The following arrangement of equations (142-3), (142°5), and (142-8) was 
used : 


OR 
m(@— +x) (o- x= +O + are), 


where Q = R” — 5f, x* with the expression for R” taken from (142-3). It will be noticed that 
this equation does not contain x implicitly, and all the other quantities involved can be 
computed for the nine values of ¢. The value of @ was taken as the mean of the values from 
(71°I) and (71-2). x was then determined by approximation to satisfy this equation. 

The nine special values of the integrand (142-10) were analysed by an adaptation of the 
method of § 21, and the series integrated term by term. This series was inverted by the scheme 
of § 23 to express ¢ as a function of $,. As a cosine series in ¢,, tr was obtained by harmonic 
analysis of special values determined from the relation 


2—(2—T) cost = @ (1 + bcos ¢)?. 


Then, as $, = ¢ — $v (r — 7), 
7 could be expressed, by successive approximations, as a cosine-sine series in ¢). As a check 
the values of + were computed for ¢) = 15°, 30°, 45°, ... 180°, 270°; which values checked 


within 2’’. As a final check were computed the two relations of § 85: 
@(r+P)=1+ hy + brn? t (m+n) V3, 
2020 =, W/3 — 1V3y + 7+ T.) + (73 — 47,3) V/ 3, 
these agreed to 5 and 4 significant figures, which is all that can be expected when we assume 
as we did in this test that the mean value of P = Py.) = T'y_,. 


6. The calculation of E was carried out as suggested in Section 111 of Brown’s Theory. 
From the expression for 7 as a function of ¢) obtained from the intermediate orbit were com- 
puted the special values of 7, x. The functions were computed for ¢)=0°, 180°, GOz42 7000" 
300°, 120°, 240° to fit a convenient scheme of analysis and synthesis. The only new operation 
involved here was the multiplication of series, which was carried out by harmonic analysis, 
and by direct multiplication of the coefficients as a check. 

Before computing the third-order terms it was desirable to have a more accurate value 
of 7. This was obtained by computing e, w’’ with the expressions thus far obtained, and com- 
paring them with Strémgren’s values. The improved values of 7, @ were used in the sub- 
sequent work. 

The third-order terms are given by § 146, 


ee ED) DEP 


where P” = P,"’ cos (v — w) + P,” sin (v — a), 
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P,’, P;”’ being Fourier series in ¢,, and where D, operates on terms with the period of Jupiter 
and D,-! on terms of long period. This can therefore be expressed thus: 


E, = — 4D,~1 (A) sin v — 4D,71 (B) cos a, 
A=—P," cosa, + P,” sin a,, 
B= Py” sin ape Ly COs ay. 
Now E; is a small addition to E, 
fe 8h = ode cos (eae) 
= 6 (esin wo”) sin v + 6 (e cos w”’) cos», 
whence 8 (esin wo’) = — 4D,+ (A), 
5 (e cos w”’) = — 4D,-1 (B). 
These terms can be added to 7, « by means of the relations 
d (9 Cosa) = dilecosam, ), 
5 (7 sin w) = 6 (esin ow”). 
The expressions A and B were computed, analysed, and integrated, and the resulting 
additions to 7, o were added to @&, a. 


7. The expressions for 8¢, 8v, p, g, y, 8 gave few new difficulties. The formulae of § 147 
were followed rather closely and the principal task was to avoid the calculation of insensible 
terms, and to express the final results in convenient form. 


8. The final expressions for the co-ordinates are tabulated separately in Section Iv for 
the convenience of those who may wish to use them for purposes of prediction. The use of 
these formulae for practical application is obvious, but we will explain here the origin of 
some of the terms involved. 

The notation employed is that of Brown’s Memoir. Quantities with the subscript s are 
due to the direct action of Saturn. H, and the last term in e,’ and e,’ contain the indirect action 
of this planet. 

The terms in e,, ew, with argument 2M”’’ — M and with this argument plus and minus 4, 
include the effect of the libration on these terms. 

The true longitude, as used in the theory and denoted by v, and the radius vector 7 are 
first computed. After computing 2, 6 of the theory they are referred to the ecliptic and the 
perturbations by Saturn added. With these and the value of v obtained above the ecliptic 
longitude and latitude are computed. 


SecTION III. COMPARISON WITH OBSERVATIONS AND DIFFERENTIAL 
CORRECTION OF THE CONSTANTS 


g. The comparison was first made with heliocentric positions computed from the oscu- 
lating orbits of Stromgren and Hase, and the more troublesome comparison with geocentric 
positions left until later. 

For each epoch of Strémgren’s eight sets of elements and for the Leningrad epoch the 
longitude in the orbit was computed. These longitudes from Strémgren’s elements are prob- 
ably correct to less than 10’’ and extend over half the period of Jupiter. They should therefore 


THE GENERAL ORBIT OF HECTOR 167 


give the eccentricity and perihelion with considerable accuracy. The 1924 set of elements is 
not so accurate, but at that epoch the error will effect principally the libration and will be 
easily corrected in the later comparison. It was therefore decided so to adjust the constants 
as to fit these 9 values of the longitude as accurately as possible. The theoretical values were 
computed and residuals as large as a degree were found. Approximate equations of the form 


Bu = 5 Bry + So Bly + 5” Bn + 5 By 
were calculated for each of the nine epochs. Theoretically these should be solved by the 
method of least squares, but in practice it was found expedient to solve four of them and then 
by inspection change the solution to give as good a fit as possible. These equations were solved 
with the residuals mentioned above as $v’s, and the resulting 57,, 54), 5), 5a) were found to 
satisfy the equations within about 30”. These corrections to the four arbitrary constants 
were then applied differentially to the expansions, and the value of v again computed, this 
time with residuals of the order of 10’. The fourth repetition of this process gave no residual 
greater than 15”. 

The inclinations were next computed and compared with those of Strémgren, giving resi- 
duals which were systematically too large by about 10”. This part was easily removed by a 
very slight change in y which was much too small to have any effect on the developments 
involving y. After this change the maximum residual was 6”. 

A similar comparison of @ showed this quantity to have a systematic error of 1’. This was 
easily removed, leaving residuals up to 20”. 


10. The final comparison was made with seven geocentric positions: the three normal 
places II, V, and XII given on page 9 of Strémgren’s Memoir, two observations from Vienna, 
and two from Yerkes. This comparison gave residuals less than 5’. After the constants were 
differentially corrected there remained the residuals in the following table: 


Date (U.T.) Aa cos 8 As Observation Reference 

1907 March  7°8861 + 1°6 — 1%5 Stromgren IT Footnote, p. 159 
1908 March = 2:4924 + II — 9 ; V 3 

ro12 Aug. I1-8186 — +2 — +2 ae XII a 

1914 Sept. 26-8510 — 15 — 11 Vienna A.N. 4781 

1919 Feb. 25°0068 — 1-7 + 1:6 tes A.N. 4989 

1926 Oct. 8°1376 + 1:0 + 8 Yerkes A.J. 891 

KOZ OC 20°2210 ae -F- +4 ” AT OL2 

ie 


These residuals are slightly larger than was hoped for and seem to be systematic; but, 
considering the very large value of the amplitude of libration, they are quite satisfactory. 
They indicate the presence of a term with a period approximately half that of the libration, 
but the interval of time covered by the observations is not yet long enough to give definite 
information. The differential corrections which were made after the general calculation was 
finished were fairly large and may have contributed to the residuals. However, as any great 
gain in accuracy in the determination of the constants of libration can be obtained only after 
more time has elapsed, a general recalculation of the orbit would not now be profitable. 
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Section IV. FORMULAE GIVING THE HELIOCENTRIC CO-ORDINATES 
OF HECTOR EXPLICITE YIN PERMS OF irate 


11. The values of the co-ordinates of Hector for any date may be obtained by substituting 
in the following expressions the value of ¢ at that date. These equations give the heliocentric 
radius vector 7, the longitude on the ecliptic v,,, and the latitude above the ecliptic }.., 


referred to the equinox of 1910-0. The terms are arranged in the order in which they will be 
needed for calculation. 


¢ = the number of mean solar days from the epoch May 12-4628 G.C.T., IgIo. 


Me > OC sin Are, 


Arg. 

r = = 

Source Value Cc 

M” — M 25°+0°0496t Bees 

2M’ — 2M 230 + :0993¢ 57 
aM 3 74 + +1489t 19 
4M” — 4M 280 + +1985¢ 9] 
5M” — 5M 124 + °:2481t 3 
M” £53 eh) 0335! 4 
2M” — M 8 + -o162t 83 
3M” — 2M 208 + +0658¢ 19 
4M” — 3M 96 + *1154t Fi 
5M” — 4M 306 + +1651¢ 4 
2G 294 + +0660 8 
2M 343 + +1662¢ 5 
M+ M 138 + ‘1166 5 
3M” — M 235 + '0173¢ 15 
4M” — 2M IOI + +0323¢ I3 
5M” — 2M 176 + ‘oorrt 98 
10M” — 4M II2 + -oo21t 5 
2M” — M + 347 + -oroot 89 
2M" — M — 4, III + +0226¢ II 
3M” — M + 4, 76 + +0236¢ 2 
3M” —- M— ¢q, 312 + -o1tot 14 
5M” — 2M + dy 214 + +0074¢ 9 
5M” — 2M — 4, 270 + +0052¢ se) 
onc sInvAre, 
Arg. 

C oN x) 

Source Value Cc 
2M" — M 299° +0°0162¢ 250°" 
3M” — M 124 + *o0173¢ 50 
5M” — 2M 227°6+ oo106t 1050 

10M” — 4M 145 + *oo2rt 30 
7, ero SINMAT ES: 
Arg. 
c Za >) 
Source Value Cc 
2M” —M 294°+0°0162¢ 23 


2M’ — M + dy 322 + -ooggt 49 


$o 


uy; 
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(tabular value VIII — 12-6285) 102%571, where ‘“‘tabular value VIII” is that of table 


VIII of Hill’s Tables of Jupiter*, 


= 156° 00’ 15” + (299"1284¢ + M,+ H,) 076006 + ¢,, 
= 63° 36’ 23’’ + 69256” cos ¢) — 4800” cos 2¢) + 540’ cos 34) — 78’’ cos 445 + 13’” COS 545 
+ 50 sin ¢) — 607” sin 24) + 129” sin 34) — 21” sin 4¢) + 7, — *004It, 


192° 36’ 13” + 299"1284t + 7,+ M,+ Hg. 


Wem ViC.COs ATS, 


Arg. 

C =a a) 
Source Value 
5M” — 2M — 30 292°+0°00026t 
5M” — 2M — 20 227 + *00052¢ 
5M” — 2M — I2 + +00079¢ 

@, = 192 C sin Arg. 
Arg. 
is = a 
Source Value 
5M” — 2M — 3a 292°+0°00026t 
5M” — 2M — 20 227 + *00052¢ 
5M” —-2M— ow I2 + +00079t 


Cp —er, ©. COs ATS: 


Arg. 
=o —-_* 
Source Value 
M” 63° +0°0335t 
FIVE, — IYI. 344 + ‘o162t 
2M” —- M+ dy 278 + -0098t 
2M” — M — ¢y 230 + :0224t 
3M” — 2M 173 + +0658¢ 
4M” — 3M 18 + +I154¢ 
5M” — 4M 223 + °1651t 
ud IS 177 + °0173¢ 
4M” — 2M 208 + +0323 
5M” — 3M 65 + -0820t 
M 268 + -0831t 
2M” + 3M E3L cr -3I51e 
ew,’ = uC sin Arg. 
Arg. 
a 
Source Value 
M” 56° +0°0335¢ 
2M” —- M 164 + ‘o162¢ 
2M” —- M+ d 98 + -o098t 
2M” — M — ¢y 50 + -0224¢ 
3M” — 2M 353 + °0658¢ 
4M” — 3M 198 + *1154t 
5M” — 4M 43 + °1651t 
3M” — M £77 + -O173t 
4M” — 2M 28 + :0323¢ 
5M” — 3M 245 + +0820t 
M 262 + +0831 
— 2M” + 3M 13h v3i5t¢ 


Ii2 


Ii2 


* Astronomical Papers of the American Ephemeris, Vol. vu. 
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€y = 05325 + -000I0 COS $y — *00002 COS 24y + *OOOOT COS 3% 


+ -00006 sin dy — -00004 Sin 24) + *00002 Sin 34 
+ 7,/206265 — 0000155 ile Ea 
By AS) 
@ = 214° 04'5 — 7/0 COS dy + 2'4 COS 2hy — “4 COS 3¢9 + ‘2 COS 4h 
— 94/5 sin ¢) + 12/8 sin 24) — 2/3 Sin 3¢) + “6 sin 445 
+ 002732 (M — 238-0) + w, + *orx6d, 


d 


w’ = 12° 52°64 “o2rit, 

é,’ = + 04525 — -00002 Cos dy + -O000I COS 34) + 00073 cos (S00T05¢ + 248°) 
+ +00070 sin ¢) — ‘00015 sin 2¢) + *00003 SiN 345, 

€x’ = — 00353 — 00006 Cos ¢) + :00006 sin ¢y + 00003 Sin 245 

— -Q000I sin 34) + ‘00073 sin (Soor05¢ + 248°), 


COS, cos COST aay 3 = sine; 5 

e.. @ =6¢.. o+¢... (a +607)+ ¢ wo’ + 60 
sin eS iTy 7 sin ( ) 2 Cos ( ), 
cos COS sy PECOSeg: 

GQ. m@=e. w’— 0484 . (wo +7 

Sy sin 494 sin ( ) 


St, = (— 27’ cos $y + 8” cos 2¢y) cos (M — w’ — 71) + (43’’ — 8” cos $9) cos (M — a) 
+ (— 223” + 218” cos J) — 71’’ cos 2¢9 + 21’ COS 34) — 6” COS 4¢q) sin (M — a), 
St, = (+ 5” — 6” cos 4,) sin (2M — ow’ — 7, — o,) + (— 10” + 11” Cos $y — 5’ COS 24y) 
cos (2M — 7, + 43°) + (5” cos ¢o) sin (2M — 7, + 43°), 
Su = (+ 23” — 25’ cos ¢y + 10” cos 2¢y) sin 2 (M — a,) 
+ (19 — 19’ cos ¢) + 5” COS 249) sin (2M — wo’ —7,— m), 
v = M — (84, + St) + Sv + equation of centre with eccentricity (¢ + e,) and mean anomaly 
[M — (wo + o,’’)]. 


G10" € Cos Are. 


Arg. 

Va S =a 

Source Value C 
M”’— M 155° +0°0496t 3 
Site 3 74 + +1489t 5 
4M” — 4M 279 + *1985¢ 2 
2M” —- M 230 + +0993 E2) 
5M” — 2M 24 + -oorrt 14 
2M’ — M + do 187 + -‘o10ot 4 
2M” — M — ¢, 349 + :0226t 4 
5M” — 2M + $y 147 + :0074¢ 5 
5M” — 2M — dy 296 + -0052t 3 

24% = — -00024 + -00008 cos ¢y — -00008 cos 2¢) + +00003 COS 349 — *00002 COS 4¢y 


— +01704 sin 4) + -00236 sin 24) — :00040 sin 3¢y + :00008 sin 4¢) — :00002 sin 54, 
+ (— *0013 COS ¢y + -0004 COS 2¢9 — -O00I COS 345) 


x [2e sin (M — w”’) + $e? sin (2M — 20"’)], 
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I + 3% | 
= ai + (-00022 + :00006 cos ¢) — -00016 cos 24) + *00006 cos 34, 


PT = 


+ 00003 Sin 24) — :00003 sin 34, + ‘00003 sin 4¢4y) 
+ (00012 + -000I0 cos $y — *00004 COS 24) sin (M — a,) 

+ (-00046 — -00643 cos ¢y + ‘00014 cos 24, — :00004 cos 3¢4,) cos (M — a,) 
+ (00006 cos ¢y) sin (M — 7,— 0’). 

+ (:00003 — 00004 cos ¢9) cos 2 (M — a,) 

+ (— -00003 + +00003 cos 49) sin (2M — 7, + 43°) 

+ (— :00050 + -00040 cos ¢y) sin (M — a,) [2e sin (M — o”’)] 

+ 4s; 


z Pq 


7 ~ 3.2028 


[x + ecos (v— o’’)], 


V/2 sin 1/2. = -23125 (pg)t + -00002 cos dy — -00004 sin dy 
— -00004 cos ¢y cos (2M — 7, + 43°) 
+ (00002 — -00002 cos ¢y) sin (M — 7, + 43° + a) 


(M — 238-0) 
+ +000002 ee 
6 = 338° 28’-5 — -000093 (M — 238°5) 
+ 640” sin ¢) — 180’’ sin 2¢) + 40” sin 34) — 10’ sin 44, 
+ (— 20” + 40” cos ¢y — 20’ cos 2¢4,) cos (M — a,) 
+ (— 40’ cos $y + 20’ cos 245) sin (2M — 7, + 43°) 
+ (— 20” + 20” cos ¢,) cos (M — 7, + 43° + 9), 
t= 39/15”, 
2 


0’ = 99° 33 15” + *or8:, 


cos 4 (2 — 2’) ' 
al, —— 2 = 7 i 0 i 6 ’ 
tan 5} (CA + Oe) COs 1 (i a i’) tan 2 ( ) 
Erle SEE SO eee sf S12) 
‘ sing (44+) 
.. COS $ (a, + %) , 
aL ey _ 2 1 2 1 
tan 4 (t.4 — 14s) Ge ay tan 4 (7 + 7’) 


4,—= & C cos Arg. 


Arg. 
a 
“Source Value’ Cc 
2M” 114° +0°06691 6” 
3M” — M 269 + -0173¢ — 15 
4M” — 2M I16 + +0323 5 


5M” — 2M 22 + -OOIIt 53 
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6, = — "0157! + 10d C sin Arg. 


Arg. 

(ome AS Se SN 

Source Value 
M”’— M 25° +0°0496t 
M”’—- M 230 + +:0993¢ 
2M” —2M 13 + :0831¢ 
2M’ — M 56 + -o162t 
2M’’ 114 + -:0669¢ 
3M” — M 269 + :0173¢ 
4M” — 2M 284 + +0323¢ 
5M” — 2M 304 + ‘oorlt 


B ct =105 fe Hy “fF as 
tan (Veq — Oe) = tan (v — 8 + a) COS 2.4, 


sin b,. = Sin (v — 8 + a) SiN 4,4. 


s 
s 


SAS PS oe we S 


foal 
w 
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Introduction 

The general orbit of (588) Achilles 
The tabulation 

Comparison with the observations 


TABLES 


‘ Se NU RODUCTION 


As an application of his Theory of the Trojan Group of Asteroids,’’* Professor E. W. 
Brown gave a complete numerical theory of the motion of (588) Achilles, the first Trojan 
asteroid to be discoveredt. This theory includes perturbations by Jupiter and Saturn and 
was expected to represent the motion of the planet satisfactorily. The author compared his 
theory with six observations in 1906 (2), 1907 (2), 1913, and 1920. The observations appeared 
to give very small residuals. 

In the fall of 1927, at Professor Brown’s suggestion, I compared with the printed theory 
of Achilles a set of observations made at the Yerkes Observatory in the previous year. It 
was found that these observations left residuals amounting to nearly 2° in orbital longitude. 
A comparison of earlier observations was then made with equally alarming results, the 
residuals being reasonably small in the years 1906, 1907 only. It thus appeared that a con- 
siderable error was.present in some part of the printed theory of Achilles. 

The problem of locating this error was a difficult one, as there was hardly any indication 
of the source of the discrepancy. After some fruitless attempts and an examination of the 
general theory it was decided to make a fresh comparison with the observations of the original 
general orbit, the constants of which had been derived directly from Miss Vinter Hansen’s 
osculating elements}. The residuals were found to be remarkably small, contrary to the 
results obtained by Professor Brown from the same orbit. An examination of the original 
calculations revealed that all the work on the theory had been correct, and that the observa- 
tions had been correctly reduced. The discrepancy was entirely due to an unfortunate error 
in the very last step of the comparison of the theory with the observations. 

The constants of the theory, derived from Miss Vinter Hansen’s orbit by the method 
described in detail in Professor Brown’s paper, thus appeared to be as accurate as could be 
expected. It shows that the method of deriving these from an accurate osculating orbit, even 
in the unfavourable circumstances here present, does lead to sufficiently accurate preliminary 
values for the constants of the theory. This is clearly shown by a comparison of the first 
determination of the amplitude of the libration—that is, the coefficient of cos ¢, in t,—with 
the value finally adopted for tabulation. They are, in radians, -11101 and -11408 respectively. 
It may be recalled that the coefficient in the erroneous numerical theory was 15116. 

At this stage the plan was conceived of continuing the work and of deriving a satisfactory 
numerical theory of the minor planet. The original plan of using as much of the existing cal- 
culations as possible was gradually changed owing to a desire to test several parts of the theory. 
This change of policy was mainly due to the fact that the work was taken up at intervals and 
dropped again owing to pressure of other work. A preliminary tabulation was made when it 
was found that the calculation of scattered theoretical places for comparison with observa- 

* Transactions of the Yale Observatory, Vol. 3, Parts 1, 11. 
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tions was both laborious and uncertain. This led to the tabulation given at the end of this 
paper. 

The portions of the theory that have been completely recomputed are the intermediate 
orbit and the perturbations by Saturn. The short-period perturbations by Jupiter were tested 
so far as this was possible without a fresh start. No serious discrepancies were found in this 
part of the theory. Several new terms were added to the Saturn perturbations and some of 
those given in Professor Brown’s theory were found to be in need of correction. The long- 
period direct Saturn perturbations—the most difficult part of the work—were dealt with very 
carefully, as these are of great importance for the accurate determination of the constants 
of the intermediate orbit. 

As the method of procedure has been presented in detail in Professor Brown’s paper, the 
final orbit is given here without lengthy descriptions. The arrangement and notations have 
been made to conform as closely as practicable to those of the general theory. This explains 
some slight differences between the present arrangement and that in the earlier numerical 
theory of Achilles. As a tabulation is appended little reason remains for combining certain 
theoretical expressions, as was done by Professor Brown, in order to simplify the computation 
of theoretical places. 


§2. THE GENERAL ORBIT OF (588) ACHIELES 


The independent variable used in the following orbit is the time, indicated by k, counted 
in units of 400 days from J.D. 2416000°5 = 1902 September 7:5, G.M.A.T. The unit of time and 
the zero date have been so chosen for the purpose of convenient tabulation. 

The longitude in the orbit is counted from the mean equinox of 1910-0, along the ecliptic 
of rgr0-0 to the ascending node of the plane of Jupiter’s orbit, then along the latter plane to 
its intersection with the instantaneous plane of the orbit of Achilles, and then along this 
plane. The longitude of the perihelion (w”) and of the node (8) are similarly reckoned. 

Terms with suffix S are Saturn perturbations and are given in Table A. This table includes 
all the periodic direct Saturn perturbations and the indirect Saturn perturbation 7; in 7;. 
Other perturbations by Saturn that are included in the theory but not exhibited in Table A 
are the indirect perturbations H, and the last terms of e,', é&’. The secular parts of e, a” and 
56.., are also due to Saturn. 

The secular changes in the coefficients of the intermediate orbit and the quadratic term 
in 4, are due to the secular motion of o—o’ and are therefore approximations to periodic 
changes of very long period. The secular changes of 7, » are due to Jupiter. 

H, = number extracted from Table VIII of Hill’s Tables of Jupiter minus 12-6285, 
multiplied by -028406, 
bo = 72°846 + -080247 (33°236486k + H, + Ms) + *0000224h? + $s, 
7, = 61°498 + 200127k + (6°588 + 200016) cos Jy — *184 COS 24 + *008 COS 3¢5 
— °013 sin 2¢) + °OOI Sin 349 + Ts, 
M = 319°661 + 33°230486k + H, + Ms + 7. 


| 


n = ‘10136 + -O000013F + 4s, 


éy/n = 99751 + 700073 COS dy — 700009 COS 249 + 00002 COS 34) — *00176 Sin fo 
+ ‘OOOII sin 24) — ‘OOO0OI SiN 345, 
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@ = 83°944 + °IO4QIk — 2041 cos dy + 2003 COS 2¢) — 27OI Sin Jy + °043 Sin 24, 

— *003 Sin 34) + Bs, 
€ = 04834 + -o000018k, @’ = 12°857 + 00234, 


vy = *98838 — -o001g cos 4) — -00006 cos 24) + *00002 COS 34) + °00525 SiN dy 
— *00040 sin 2¢y + -00002 sin 34), 


8 = 02686 + -00005 cos dy — :00005 Cos 24) + -00023 Sin Jy + ‘OOOII sin 245 
— -OO00I sin 345, 


é = ye’ + 00013 cos (246°8 + °428k), €,, = Se’ + -00013 sin (246°8 + °428k), 
cos cos cos =ESit) 
Came iiss =—=46,0) 7 4: e,! aie ee aon Ca am +00" 
sin sin ae | v eae cos ee Oa") 
cos cos cos 
Poe Co oot =e. (we! 
oie 2 sin sin (mi + 74), 
é€= e* + e, — -ooooo1tk, aw” =o + we.” + SOOIIOR. 


— d¢ + dv. = + “001 Cos dy + (—°02I + 2002 cos gy) cos (M — a,) 

+ (°104 — °031 cos Jy + 2004 COS 24) — POOL COS 3¢9) sin (M — a,) 
+ (— °002 — 001 cos ¢y + SOOT COS 249) cos 2 (M — a,) 

+ (°024 — °007 COS ¢?g + 2001 COS 249) sin 2 (M — a,). 


v = M — &¢ + dv + equation of the centre with ecc. e and mean anomaly M — o”. 


2% = (— :00615 — -00000025R) sin $9 + 00034 Sin 2¢9 — 00002 Sin 34) — 00002 Cos 24, 
g = (I — e)-4 (100030 + 2% + ‘00012 Cos Jy — *00002 COS 249 — *00003 SiN do 
+ -O000I sin 2¢9) + (— :00050 Cos gy + *00006 cos 249) {2e sin (M — ow”) 
+ £e% sin 2 (M — w")} + (-00081 — -00023 cos 45 + *00003 COS 24) cos (M — aj) 
+ (00027 + 00010 Cos dy — *OOOOTI COS 2¢y) sin (MM — a,) 
+ (‘00005 — ‘00001 cos ¢y) cos 2 (M — a) 
+ (—-000I0 + :00003 cos ¢9) sin 2 (M — a,) + qs, 
p = :99992 — -000T3 cos Jy — :00002 Sin dg + (*00005 — 00002 Cos 49) cos 2 (M — a,) 
+ (‘OOOII — :00004 Cos fy + ‘OOOOT COS 2¢y) sin 2 (M — a), 
f = true anomaly with ecc. e and mean anomaly M — o’, 
2028 
poe (ae cos f)—. 
Pq 
sin 47* = -09877q? — -0000008k + -00001 sin ¢y, POE Ve, 


6 = 311°82r + S000064k + 2005 sin dy — °O13 Sin 2¢9 + *002 Sin 345 
+ (—%006 + °005 cos ¢9) cos (M — a,) — *oo2 sin (M — a) + Os, 


/ 


0’ = 99°527 + *00183k, i’ = 1°308 — *00003k. 


The transformation to the ecliptic is performed with the formulae given by Professor 
Brown*; after the transformation add — °00267k to 0... 


* Transactions of the Yale Observatory, Vol. 3, p. 128. 
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Saturn Perturbations. The coefficient of each term is given by C. The second column for each term gives 
the value of the argument in degrees at J.D. 2416000-5. The motions of the arguments are all positive. The 
headings of the columns giving the value of the arguments indicate whether the sine or the cosine of the 


argument must be taken. 
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TABLEVA 


Motion M q e ow! i 

Ss S S S : 
Bre ument = goat C sin C.10® cos |C.10 cos C sin Cc cos C sin 
ei? aii 19°852 Sorr 201° 3 261° | — oo — —_— = = 2009 262° 
Ges 39°74 "O17 343 I2 343 "001 =. 343° 005 343 

Sh” aes) 59°550 006 65 5) 65 are ee is Ts a 
4 —4 79°408 002 148 2 147 — — == = == == cae SS 
O29 Samet 33°236 002 303 — == 2 129° Ot I10° Zee == = = 
I ° 13°384 002 229 —_ — a 47 030 30 OolL 304 006 259 

3 -2 26°320 005 291 — — IO 305 ‘037 125 — _- — — 

AS 460°172 002 15 = — 3 20 013 207 — — = = 
2 fe) 26:768 Oo1 193 — — 4 79 O15 80 OoI 330 005 336 
4 —2 12:936 003 IIo — 2 53 uy) 73 ool 358 005 190 

as #5 
Cc sin Cc sin 
| 

2M’ —1M 6468 | °114 253°5| S301 183°3 Th. es 6i 221-9 226 44:6 OoI 279 O14 195 

2 —-I +4 3:800 | :048 306°1 — — 2 305 — — — — — — — aa 
2 —I -—¢9 9°136 006 §=6288 — oan 2 300 — —- = — seas = = = 
3 =i 6-916 —_— — = — — —— 6 13 “024 9 003 256 OI4 250 
2 420 003 98 ‘O31 150 I I44 — — — - 005 246 O23 NEES 
Gf = 2 6-020 002 296 — — — — — ae — —_— — —_ — — 
Gee =) 1 $5 | 937352 || °003° -317 008 = 255 ag = a = = Te ae 3 a 

Is ZS 
Cc cos Cc sin 

5M” -2M—3a| <‘100| — — — = =). ==) Wtyo, 04-2) 2702) 304-2 = — = — 
5 =-2 -2 *208 — — — — — — 76 102°3 °427 102°3 — — —_ —_— 
5 —2 -I *312 — — — — — — Bz 46°3 -184 46:3 — — — —_ 


In Table B the long-period part of the elements of the orbit is given for eleven dates at 
intervals of 2000 days. It is recalled that these are by no means osculating elements. The only 
purpose of Table B is to illustrate the general features of the long-period changes in the orbit 


of Achilles. 


TABLE B 
IQI0-0 
isi; My +H + 80-4 do TY DW” + 8.4 
Vect Dect 

24 e} (eo) fo) ; fe) fe) 
I6000°5 319°834 73-001 63°431 14939 80-335 10-301 315°621 
18000°5 126-007 86-169 61:970 14930 80-669 +303 -603 
20000°5 292:180 99°352 60:489 14931 81-028 305 "594 
22000°5 98352 112-600 59°056 14924 81-414 +305 +596 
24000°5 204°524 125°938 BAST 14917 81-829 "303 "599 
26000°5 70:097 139°368 56-600 1490 82-272 300 *601 
28000°5 236°869 152°862 55°712 14898 82-740 ‘297 *593 
30000'5 43041 160:373 55°133 14887 83:226 +294 +570 
32000°5 209'213 179°847 54°900 14876 83°722 +293 “540 
34000'5 15'384 193:2406 55'052 14866 84216 292 +512 
36000°5 181°550 2007551 55°505 14856 84699 ‘293 +478 
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96) LHEALABULATION 

A general tabulation of the numerical theory would involve quite elaborate tables on 
account of the great number of arguments present. Professor Brown made the suggestion* 
that the tabulation of all portions except the equation of the centre in v, 7 can be made with 
sufficient accuracy at intervals of 13 months or half this interval. I decided to follow up this 
suggestion and chose as interval 400 days, but the short-period terms compelled me to reduce 
this interval to 200 days. The dates for the tabulation were chosen at J.D. 24160005 +k!200 
in order to simplify the calculation of ephemerides for midnight following an integral Julian 
date which is exactly divisible by 8 or 4. 

When this type of tabulation is used it is advantageous not to tabulate the elements but 
the constants for the equator in order to render the calculation of the rectangular equatorial 
co-ordinates as short as possible. The constants for the equator have been computed by making 
use of the differential relations given below. As a check on these formulae and on the com- 
putation they were also derived from closed expressions for six dates at intervals of 4000 days. 

If we put t= 11°385 + 81, 6 = 311°821 + 88, 
we find from the differential expressions in the spherical triangle formed by the planes of the 
ecliptic of 1910-0, of Jupiter’s orbit and of that of Achilles: 

tec. = 10°302 + 99882 + -013480 — S00002k = I0°302 + 82.4, 
9. = 315°663 — -38187 + I-101380 — °00294k = 315°663 + 86.4, 
SV. = — °070 — :00682 — -001988. 
The terms factored by & are due to the secular terms in 7’, 6’ and to 86,,. The quantity 5v,, 
is to be added to the longitude v as found from the theory in order to reduce it to the longitude 
counted along the ecliptic of 1910-0 to the intersection of the instantaneous plane of the orbit 


of Achilles, and then in the latter plane. 
Let « be the mean obliquity of the ecliptic for rg10-0, and let sin a, sin 0, sin c, A, B, C be 


defined in the usual way as follows: 
sina@sin A — COs Go. 
sin @ cos A = — sin 6,, COS ¢.4, 
si) 0 Sin Bb "Sin 0... COS 2,.,, 
sin 6 cos B = cos 6,., COS 1,4 COS € — SiN 2,,, SiN e, 
sinc sin C = sin 0,, sine, 
sim ¢ COs © = COS 0,4 COS 1,,; Sie 4 SIN 7.., COS <, 
and Ae Ae Ua OU, 
B’=B+." — 0.4 + 80.4, 
Cis C+. 0% 10.4 + 80.4: 
The rectangular co-ordinates x, y, z of the planet, referred to the mean equinox and equator 
of 1910-0, are then: 


I 


x%=yrsinasin(A’+uv—-—a@ n 
y=rsinbsin (B’ +v-— 2B"), 
zZ=yrsincsin (C’+v—o’"), 
y and v being the radius vector and the true orbital longitude defined on p. 179. 
* Transactions of the Yale Observatory, Vol. 3, p. 128. 
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The differential relations for sin a, sin 0, sinc, A, B, C are: 
§ sin a/sin a = + :0002884.4 — “001528 %ec1; 
§ sin b/sin 6 = — :0013788 .q — 0069182.a 
§ sin c/sine = + -0026880,.. + °0240082.41 , 
SA = + +99948O.q + °090982ea,; 
8B = + 1:054780.4 — "43979tec15 
8C = + *737288.4 + °85973 ben 


In these expressions 86,,, 52... are in degrees. 

The troublesome feature of a tabulation with a varying eccentricity has been avoided by 
tabulating with a constant eccentricity e = -149, and including the remaining portions of the 
radius vector and of the equation of the centre in the constants for the equator. 


Introducing: 
f = true anomaly with ecc. e and mean anomaly M — o", 


hd 5°2028 


Q => i E + (€ — -149) - (i e cos f)'], 


Ae Ae = 140) aI — 86 + by, 


p= b — A, ek O oa 
E, = equation of the centre with ecc. -149 and mean anomaly M — o", 
v,=A*+M—o' +E, 
Vp =U, +8 
Ve Ug aay 


we finally have: 
% = (I + ecos/)*Qsin asin 4) 
y= (li €cos7) Ost 0Si0 U5 hee (Pye 
2= (1 + PS ey ERE 


Before the final tabulation the precession has been added so that the rectangular co- 
ordinates derived from the tables are referred to the mean equinox and equator of date. With the 
precession factors given at the bottom of Table 1 the position referred to the mean equinox 
and equator of the beginning of the year (or any other date) can be found. The correction 
due to the precession is appreciable in A* only so that this is frequently the only quantity 
to be corrected. In the precession factors t 1s the interval in years. 

With the explanations given above the use of Tables 1, 2, 3 is obvious. 

The quantities tabulated in Table 1 are: the Julian Day, the year with fraction of the 
year (given to simplify the corrections for precession), Q sin a, Q sin b, Q sinc, A*, M — 0", 
B, y- 

With the value of M — o” extracted from Table 1, the values of E,, and of (1 + e cos f)+ 
are taken from Tables 2 and 3 respectively. 


Substitution in the sets of formulae (I) and (II) gives the rectangular equatorial co- 


ordinates. The right ascension, the declination, 


from the formu 


THE MOTION OF (588) ACHILLES 


lae: 


p COS 0 COS ao = NX, 


pcosésina=y+ Y, 


” 


Pp See eZ 
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and the geocentric distance are then found 


in which X, Y, Z are the solar co-ordinates at the date referred to the same equinox and 
equator as the heliocentric co-ordinates x, y, z of the planet. 


Example. As an example of the use of the tables the true geocentric right ascension and declination 
of (588) Achilles will be computed for 1925, Aug. 17°5, G.M.A.T., referred to the mean equinox and equator 
of 1925-0. 

Date = 1925, Aug. 17°5 G.M.A.T. = J.D. 2424380°5 = 1925°627. 
t, to be used for the corrections due to precession, is —-627. 
(x) (y) (2) 

Q sin a, b, c (Table 1) 5:0746 4°4018 26811 

Precession factor (Table 1, bottom) 1 —-o0000 I +:00001 I —-00002 

Q sin a, b, ¢ (1925-0) 5:0746 4:4018 2:6810 

(1+e cos f)-1, (arg. M-a”, Table 3) I'04050 I'04050 1'04050 

(1+é cos f)—1Q sin a, b, c 5:2801 4°5801 2°7896 (1) 

A* (Table 1) 172°336 

Precession (Table 1, bottom) —+009 

M - a” (Fable 1) Zelen/iy2 

E, (arg. M-@”, Table 2) —16:916 

v,4=sum of four 67°183 67°183 67°183 

iat B, 22 265°739 281°771 

Precession in £, y -000 +:002 

V4» Up, UG 67°183 332°922 348°956 

SIN U4, Up, UG + +Q2175 — +45520 —19156 (II) 

Bay), ==(())o (LN) + 4:8669 —2:0849 —"5344 

X, Y, Z (solar co-ord., 1925-0) — +8242 + +5390 +2338 

Efe Ge EA + 4°0427 —1°5459 —*3006 
r. log sin « (6) 9°55287,, 7. log (¢+Z) 9°47799y 12. log p=(8)-(9) 0°63 734 
2. log (y+ Y) o-18918, | 8. log p cos 6 =(3)-(4) 0:63630 13. p 4°3385 
3. log (¥ +X) 0:60667 g. log cos 8 (11) 9:99896 
4. log cos « (6) 9:97037 | 10. log tan 6 =(7)-(8) 8-84169, 
5. log tan «=(2)-(3)  9°58251, et Teo) (LO25-0) —3° 58’ 23” 
6. « (1925:0) 339° 4’ 25” | 


1920, 4 obs 
1927, 2 obs 
1929, I obs 
1930, 2 obs 


waCOvLPAKISON WITH THE OBSERVATIONS 


The theory has been compared with 18 normal places given in Table C. Nos. 1-10 were 
taken from Miss Vinter Hansen’s publication*; Nos. 11, 13, 14, 15 from Comendantoff’s 
papert. The remaining normal places were newly formed from the following observations: 


ick WEAOer. 337. 


Mitecidelbers; AWN. 235"p: 207; 1 obs: Yerkes, A.].930, p. 12: 
MAlgiciom) 1.0) 12, -p2153>2-0bs: Yerkes, ALN. 235/0p. 237. 
midicidelbere,.A.N. 230,p. 207; 1 obs. Yerkes, A.J. 41, p. 5. 


* Bull. del Inst. Asty. Leningrad, 25, 1930. 
+ Publ. og mindere Med. fra Kobenhavns Obs. No, 29, 1918. 
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The final correction to the constants of the theory used for the tabulation was based upon 
the normal places I, 3, 5, 7, 9, 10, 13, 14, 15, 17, 18. These normal places are marked with an 
asterisk in Table C. 


TABLE C 


Normal Places and Residuals 


| Reduction Reduction O-C 

No. G.M.A.T. a tyue to 1950:0 3 ue £0 1950-0 Brie 5 
I* | 1906 Mar. 1:04608 130° 26° 37-6 +30 11-6 aera BOLO 1153-0 + 30” — Ee 
2 Mar. 22:97022 AG? PP” ~ PX0) +36 20°I +14 26 57:8 —I0 52:0 “32 = 
3? ee 17°84457 130 §7 (2:7 | +30 18-4 +14 13 14°9 —10 47°7 + 29 et 
4 ay 14°82159 Te Cass ale 4 +36 4:2 Lei} 937), PIB ith 9PP + 29 — 4 
5* 1907 Feb. 9°41474 WG | MA EAS) +32 57:3 — 6 55 29:2 —14 2I°1 — 18 +14 
6 Mar. 16-61631 ig Sy +32 51°3 = © 1x =A elOA2 -— 9 +14 
Apr. 10-09891 ;} 170 15 343 +32 49:2 5 eo =i4 10:2 + 3 + 8 

am May 5:99700 168 34 24:0 132 49°7 = 4) 7 4353 = 140 se <3 
OF June 2:61738 168 53 54°7 +32 50°4 eh aye auc —14 6:6 fo) ees. 
1o* i 1913 Aug. 2835778 B36) 2517-7 i Snes 2 — 5 4 41:9 “ETI 20:0 — 29 —II 
II 1919 Apr. 25°5 T7OuLO 15:5 | 25395 = 5) OF LOW = 10 12-6 —150 +85 
12 1920 June 19°5 196 38 6 +24 3:0 —18 58 5 = 6) B15 95) — 72 +28 
13* 1924 Aug. 27°5 308 26 12:8 522° 256 —t9 54. 31°5 + 5 24:6 — 25 Sow) 
14* 1925 Aug. 17°5 339. 4352 +19 24°5 = 3. 57 Are + 7 48°5 see) 13 
15* 1926 Oct. 16°5 & 16 49:2 +18 37:8 Hig so MAT + 7 58:9 =p aS “+30 
16 | 1927 Nov. 26:5 46553 £7 27 3-0 scan it AG + 5 14:0 == ile! +13 
Wye 1929 Feb. 2°5 07 43 49 +20 7:8 +29 54 58 = 0 57-3 ee — 3 
18* 1930 Feb. 4°5 146 23 8 +16 8-6 +II 55 34 5337 + 12 —38 

Sh || a ae = ee a 


The places in this table are referred to the mean equinox and equator of the beginning of the year of observation. 


In this differential correction normal place 11 (1919) was also used, but when this gave the 
only large residual it was rejected, as an error in either the computation or in the published 
position was suspected. A new derivation of the normal place for 1919 gave a result practically 
identical with Comendantoff’s, and a final comparison of all the normal places with the tables 
showed the reality of the large residual. 

The large residuals in rgI9, 1920 cannot be removed by any differential correction. It 
was found that such a correction would reduce the largest residual to about too” and would 
slightly increase other residuals. They therefore indicate a defect of the theory. 

The observations cover a quarter of a century, but no observations are available for 12 
out of 23 oppositions. The poor distribution of the observations renders it impossible to see 
the course of the residuals for the whole of the 25 years. For this reason a further differential 
correction at the present time is rather meaningless and the tables were consequently left 
unchanged. They give small residuals at the beginning (1906, 1907, 1913) and at the end 
(1924-30) of the series. 

On the whole, the representation of the observations is satisfactory, although it was hoped 
that the residuals would not exceed 30” for the whole range of observations. So far as one 
can judge from the available material the deviations between observation and theory seem 
to indicate irregular short-period oscillations. This suggests that they are due to the combined 
effect of several short-period terms. It is just this type of term that the theory may fail to 
include as exhaustively as the terms more directly connected with the libration. 
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TABLE 1 
TD, Year Q sin a Q sin b Q sinc A*® Ma B Y 
oe 1902°684 5°0744 4°4038 26791 170°755 302" (Asma. 265°719 | 281°860 
2 03°231 5°0729 4°4025 2°6785 *806 ae 319°188 ie ‘719 “859 
4 03°779 50719 4°4016 26780 ‘871 7g | 389-32) Teaa3 ghee Bon 
6 04°326 5-0712 4°4009 2°0777 170°948 = 8& | 352°075 16-442 719 85 
8 04°874 5°0710 4°4000 2°6776 171:034 84 8-517 16-442 720 D4: 
I7000°5 05°422 5°0712 4°4008 2°6778 118 24959 16. 720 "852 
2 05°969 5'0720 4°4015 2°6783 *197 fe 41-398 Tose 721 poe 
4 06:516 5'0733 4°4025 2°6790 +207 55 57°835 16-436 ‘721 roy 
6 07-064 5°0748 4°4037 2°6798 SEE oy! TAAL EN 633 721 oe 
8 07612 50763 4°4050 2:6806 -360 30 90-704 16-434 722 41 
18000: 08-159 5'0779 4°4063 26814 *396 107-138 Ge “724. +839 
2 5 08-707 5:0793 4°4075 26822 420 pes E23 5/2 ee ee 837 
4 09°255 5°0802 4°4082 2°6827 “44U Vos I40 oer 16-433 ee ee 
6 09:802 5°O81r 4°4090 2°6832 AOI ess 15643 16:4 32 @ 333 
8 I0°350 50817 4°4095 2°6835 *483 19 I72:870 16433 T27 2 
: : : -728 -826 
190005 10:897 50821 4°4098 2:6838 502 | 189°303 16. We 
2 T1445 5:0821 4°4097 2:6838 “521 a ewe vole ee ee 
4 I1-993 5:0820 4°4095 26838 542 26 pee 6 16-430 ve ate 
6 ee 50814 4°4089 2:6836 558 ae 23 ‘59 16427 ee ar8 
8 13088 5:0803 4°4079 2°6831 SY 23 255°023 16-428 722 
A a . . ‘817 
20000'5 13°635 50788 4°4005 26824 601 A eer 16-434 ok 
2, 14-183 5°0768 4°4047 2°6814 ee pe alee 16-437 ve ge 
4 14°730 5'0745 4°4027 2°6804 : 7 58 3 eee 16-438 es iG 
6 15:278 50722 4°4007 2°6792 LADe San Oto. 3 16-438 ee oe 
8 15-826 5-0702 4°3989 26782 OEE | SS d 3 
: : : : 812 
21000: 16°373 5:0087 4°3975 26775 EL 00 SG 353°040) F673 hae 
2 = 16-921 50083 4°3971 26773 172-005 ol tobe 16444 oe ts: 
4 17-468 50087 4°3975 2:6776 LODE 2 ‘5 16°44 Hiss gee 
6 18-016 5°O701 4°3980 2:6783 LOG 42°974 16456 eo ee 
8 18-564 5-0722 4°4003 2-6794 255 Wescilll 59428 ease 73 3 
: é ; : -889 730 801 
22000°5 IQ‘III 5°0739 4°4018 26804 ZOE ey 75° 16°463 7 : 
2 19-659 | 3-0756 44032 Zeb 305 “To | 98852 16-460 733 796 
4 20°206 5°0770 4°4044 2:6821 08 ~9 aos peo ie gee 
6 20°754 5°0782 4°4053 26828 ae 9°2°7 16468 ‘734 ee 
8 21°301 5:0789 BAODg 26832 Sanco ees T4T°755 16-466 W395 7°9 
J : “736 -786 
23000: 21-849 50795 4°4064 2-6835 284 Si, | NSS 220 ey we Z 
oa 22°397 5-0800 4°4007 ees pa mee er ee ae 434 Le 
4 22°04 570800 pao meee os CNet co mers 738 777 
6 23°492 5-0797 4°4063 ee soe N| sehore oS 739 a 
8 24°039 5°0791 4°4058 26833 "395 495° 16453 4 
j 24°58 -0781 4°4049 2°6828 *312 240°51I 6. yn °739 ‘772 
Sa ee Sen pie? See 323 4 | 256963 76.435 739 77% 
4 25-682 50744 44010 Zao Bee ERE Sr 539 ae 
6 26:230 5°0710 4°3991 2°6796 Ee fll OD aoe tok 
8 26°777 5:0086 4°3965 2°6781 FOC ah 306310 MPG 6 73 77 
2000: 27°325 50055 4°3937 26705 Ce es 32? 722) 10-461 ve ue 
ie 3) 27-872 5 +0627 4°3913 2:6751 pee 119 128 16:464 eee ves 
o 28-420 50608 4°3895 2°0741 ‘Bor 128 | 399.774 16-467 530 768 
6 28-968 5°0598 4°3887 267360 ; 27 122 Bee 16°470 739 766 
8 29°515 5°0599 4°3887 2°6737 172949 4 506 +16-471 
26000°5 | 1930:063 5°0609 4°3895 26743 7 SO55 45°132 265°739 281-764 
Pyecession: x (I + °0000039t) | x (I —-ooo0rg91t) | x (x +-0000375¢) + 201395 + 200077t — 200364t 
a ene 


pe re ee P| 
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TABLE 1 (continued) 


ae Ds Year Q sin a Q sin b Q sin ¢ Abe M—2 B y 
cA ° ° co} 
26000°5 | 19307063 5°0609 4°3895 2°6743 173°055 4.84 45°132 4 16.471 265°739 | 281°764 
2 30°610 50023 4°3900 2 O75 E 142 E> 61:603 16-475 *740 -761 
4 31-158 5°0641 4°3921 2°6762 204 43 78078 16-479 ‘741 59 
6 31°705 5°0057 4°3935 2°6771 ‘247 on 94°557 16-483 *742 754 
8 32°253 5°0671 4°3946 2°6778 ‘274 zo SEE O4O8 16-166 °743 *751 
27000°5 32-801 5:0682 4°3955 2°6784 +293 127°5206 : “744 “747 
2 33°348 50088 4°3959 26787 -300 «T? «| 144-019 pee 745 743 
4 33°896 5*0690 4°3901 2:6789 “B17 igo ty) 1005227 ene 507, 746 739 
6 34°443 50691 4°3961 2°6790 °327 8 U7 7 9279 156.533 AL. “738 
8 34991 50688 473958 26788 £335 6 | 193542 16-515 °748 “733 
28000°5 35°539 5:0682 4°3952 2:6785 341 : 210:057 16°519 "749 *731 
2 30:086 50675 4°3946 2:6781 *342 y 220°570 16°516 “749 "729 
4 36-634 570665 4°3937 2°0775 3460 57 | 243092 76.57 *750 727 
6 37181 5°00649 4°3924 2°6767 357 ° 76 | 259°04" 46-513 *750 727 
8 37°729 5*0629 4°3906 2°6756 ‘873 35°) 27217156510 *750 *728 
29000°5 38-276 50605 4°3886 2:6743 -400 292:627 ‘ -750 +729 
2 38-824 50578 4° 3862 26729 458 32 | 309°138 oe “749 “729 
4 39°372 5°0553 4°3841 26717 533° 88 | «325°052 16-517 749 “730 
6 39°919 5°0530 4°3820 2°6705 621 103 342-169 16°517 "749 +731 
8 40°467 5°0512 4°3804 26695 724 96 | 358686 76.252 *749 *730 
30000°5 41-014 5°0497 4°3791 2:6688 -830 15:208 eS *749 *729 
2 41562 50488 4°3783 26683 173°033 “42 | 31730 Se “750 727 
4 42°110 5°0482 4°3778 2°6680 174:029 8 48-207 16°534 *750 "725 
6 42°057 5°0485 4°3780 2:0081 “116 es 64-801 16°530 "751 722 
8 43°205 50489 4°3782 2°6684 190 Ds 81°337 16-540 "752 *719 
31000°5 43°752 5°0495 4°3787 2°6687 "24959 97°877 16-542 wise) 715 
2 44°300 5°0502 4°3792 26691 3018 e6 TIAA 36-54 °754 7it 
4 44°347 5°0507 4°3796 2:6693 351 3g | 130963 16.3 48 755 “707 
6 45°395 570509 4°3797 26694 Ee Wwe, 147511 16.555 *750 *704 
8 45°943 5°0507 4°3795 26693 "440 55} 104-0060. 76.556 757 ‘701 
32000°5 46:490 50505 4°3793 2:6692 +498 54 180:622 16°558 758 -698 
2 47:038 5*0500 4°3788 2:6690 "55239 197:180 16-561 *759 -696 
4 47°585 5°0495 4°3783 2:6688 004 1g | 213°74I 16.566 *759 694 
6 48-133 5°0485 4°3774 26682 652 45 | 230°3°7 16-569 *700 "693 
8 48-681 50474 4°3705 2°6677 -697 46 246:876 16°573 +760 “692 
33000°5 49°228 570462 4°3754 2°6072 °743 263°449 , *759 “692 
Z 49°776 50450 4°3743 26665 787 4% | 280-029 ee “759 -691 
4 50°323 5°0437 4°3732 2:6660 "832 52 296-619 16°505 Wee 692 
6 50°871 5°0425 4°3721 ee 884 3; | 313214 16-599 °759 692 
8 51-418 5°0413 4°3710 2664 174945 65 | 329°813 36.603 °758 -692 
34000°5 51°9606 50400 4°3099 26642 175°010 346-416 : +758 *692 
2 52°514 50385 4°3085 26635 -076 os 3-025 12909 758 -691 
4 53°001 570368 4°3070 26626 “149. 162 19630 gh Gees -758 -690 
6 53°609 50350 4°3054 26617 230 gg 30-248 e106 *759 "689 
8 54°150 5°0336 4°3642 2°6609 +318 85 52-059 9 eas -759 -687 
35000°5 54°704 50328 4°3034 2°6605 "403 69-469 : 760 685 
2 55252 50325 4°3032 26603 +490 os 86-072 oo “761 683 
4 55°799 50326 4°3032 2:6603 570 sae 102°669 16°592 *761 “681 
6 50°347 5:0328 4°3035 2°6604 062 gg I119:261 16-589 *762 “681 
8 56°894 50330 4°3636 26605 "750" faze | £35099 1G 686 “762 -679 
36000°5 1957°442 5'0331 4°3636 2°6605 175842 152436 265-763 281-677 
Precession: x (1 ++0000039t) | x (x —-oooorgtt) | x (x ++0000375%) + 201395¢ + 200077t — 200364 
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AAG Wie 3 
Ma—a" 
Ey M— aw” M—o’ E 
q 
0° at G2 O06 a ee i E, M—oa’ 
I 0365 P30) 3 60 +16°082 
2 or 00 9 61 16-188 +106 +13°402 ae 
3 Wns 364 358 62 Pee, IOI 13-234 ~ 108 ve 
4 1-460 365 ey 63 16°384 95 13063 171 239 
2 1-823 oe ae of 16°472 ec 12°889 1/4 ee 
2°185 5 16: 3 12-712 177 
7 ANAS 354 66 reieee aa ee otis oy 
3 2-906 360 393 67 16-704 72 en ee 235 
9 3-264 358 oe oe 16:769 5 2167 184 eo 
- ee Neck 69 16-829 2 11-980 a ae 
a 6 j 
ie 3978 333 ee LE hype n eo Po eee a 
328 3 71 16° "59 2 
13 4303 35° ue 72 joerg a2 II ee ee 
14 5°025 347 é 73 17-011 37 11'207 197 28 
15 5°370 345 34 74 17°042 31 II:008 199 22 
16 5712 342 345 1S 17:068 20 TO:S07 EC. 227 
17 B:o51 339 344 76 17-089 2! 10-603 24 220 
18 6-386 335 343 77 17-104 19 10:398 299 225 
19 6-719 333 342 78 iA 10-190 208 224 
Be 328 341 79 t7tiew et 9-981 209 223 
a 7947 25 340 8 = c 9: 6 Z2i2 222 
21 7-372 325 ° +1I7°I1I7 6 ee 213 221 
22 7-694 322 339 81 I7*1I1 + 955° 376 220 
23 8-oII Seley 338 82 I7:099 I2 9°340 
24 8-324 313 oe 83 17°083 16 97129) 224 ee 
25 8-633 309 aS) 84 17-061 22 8-904 219 218 
26 8-938 305 339 85 17°035 20 8-684 9222 217 
nail 9:238 3°° 334 86 17-003 32 8-461 223 216 
28 9°533 295 333 87 16-967 36 8-238 223 215 
29 9 824 2901 332 88 16-926 41 So1D 226 214 
30 +I0-1I0 he a a ee = lds be Be 
—= fe) 5 Zz, 
35 10-391 281 33 go +16-829 Bs 7557 230 211 
32 10-666 275 322 QI 16-7 + 7327 210 
2 328 da 6 231 
33 10:937 7/1 5 oe 16-714 7:096 
34 II-203 266 oe 23 16649 65 6:863 233 oe 
35 II'463 200 - 94 16-580 69 6-630 733 ae 
36 11-718 255 lee 95 16506 74 6-394 23° Bl 
37 11967 749 as 96 16-429 647 6-158 236 ae 
38 12-210 243 323 97 16-346 93 s-q21 237 205 
39 I2°449 239 a 98 16-260 86 5682 239 pes 
40 +12-681 ay cae 2S 1070p oe 5 4iceee Zee 
22 an 320 100 : 95 202 ae 
41 12-908 BLOOD eatog 242 25 
42 13128 220 See IOL 15*976 a 4°960 242 200 
43 13-344 216 102 15-873 103 4-718 : 
4 13°553  7°2 a 103 13-760 107 4-474 244 a 
45 13-756 203 ae To4 wong ee 4:230 244 Se 
46 13'953 I9Q7 > I0O5 I5'541 EAB) 3:985 245 Tee 
47 rome we 3n4 106 15°423 118 3-740 245 19 
48 14°330 185 a 107 Tee 30r Meta 3-493 247 > 
49 14:509 179 a 108 15°175 126 3-240 247 4 
173 311 10g 15-046 129 2-999 247 OS 
50 PE40829 s6o5 310 ot ~ 133 2-751 248 ie 
51 T4850 T4°913, 5 26- 249 QI 
52 Eee et e283 Le 14-777 4, "§ Sgees9 r99 
53 15*166 199 Be ne EA 03 7anee 2253 18 
54 Py3ih ay UES 14-494 143 2-004 343 188 
55 15-453 143 a II4 14347 147 1-754 25° a 
56 15-595 137 oe 115 14-198 149 T-504 75° ay 
57 15:726 131 oi 116 14:044 194 1254 70° , 
58 15850, 4 393 117 13:888 15° 1004 =o a 
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Minor, Of THE EICHTH SATELLITE OF jg es 


(SECOND Part) 
By ERNEST W. BROWN anp DIRK BROUWER 


[Note by E. W. B. Although this second part of the theory appears as a joint production, the 
greater part of it has been carried out in sections for which one or the other author was re- 
sponsible. It therefore appears proper to mention what each has contributed. The general plan 
was laid out in consultation, but the chief burden of translating this plan into forms suitable for 
computation and the performance of the computations has rested on Dr Brouwer. The series 
which constitute the coefficients in the equations of variations were computed by him. For the 
most difficult part of the work, the determination of the terms which depend on the inclination 
and the node, he is wholly responsible. His device of the use of triple harmonic analysis in order 
to include the higher terms was shown to be necessary for obtaining the perturbations in the 
node and an improved value for the mean motion of the node. He has also gathered together 
the material which included work extending over several years for presentation here, and has 
tested all the formulae. My own contributions were mainly the comparatively simple com- 
putations of the terms depending on the ratio of the parallaxes and those depending on the first 
power of the eccentricity of Jupiter’s orbit. ] 


§ 15. /ntroduction. ‘The first part of the theory, published in these 7vansactions, Volume 6, 
part Iv, contained the development and results for the intermediate orbit which was defined to 
include all terms depending on the eccentricity and the ratio of the mean motions with such other 
portions of the disturbing function as could be included without altering the form of the solution. 
The orbit is doubly periodic, involving multiples of the synodic angle and of the true anomaly. 
This second part contains the additional portions depending on the inclination, the first power 
of the ratio of the parallaxes, and the first power of the eccentricity of Jupiter. 

The computation has been made in the usual manner by forming the equations of variations 
and adding the terms in the disturbing function which give rise to the additional portions. In 
the case of the terms depending on the inclination, however, a return to the complete equations 
was made for a further approximation to the perturbations in the node, and this involved com- 
putation by triple harmonic analysis. The difficulties of carrying out approximations when 
small divisors are present are discussed and two methods for solving them have been utilized. 

The perturbations which have been computed are contained in Tables 28, 2, 2D, 3B, 
4B, those in 2 c replacing the series for @ in § 14. 

Some inconsistency in presentation occurs. For the intermediate orbit, the values of 
g, u, n't, TY were given. In the present paper the values of da, du, d¢, dP/T) are set down. The 
relations of these to the former variables are shown by the following expressions. 
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Let 9, % be the values for g, « in the intermediate orbit, and 6g, du the sum of the additional 
perturbations given in Tables 2 8B, 3 B, 4B. We then have 


g = q exp. (8Q), «= (w+g$5u).exp. (48Q). 


The computation of g, « from the numerical values of g, %, 6Q, du can be performed with 
the use of common logarithms: 


log g = log % +0°43429480, log = log (w# +g} Su) +0:1085748Q, 


or by the developments in series: 
7 = %-{1+8Q+4 (8Q)P? +4 (BQPt 5, 


= (tt +980). 1+ 280+ (80)? +35, (80)*+ Abe 


As to the degree of accuracy attained, the aim in the intermediate orbit was the computation 
of the coefficients in radians to six places of decimals. In this second part, the aim is one place 
less, loss of accuracy occurring through the presence of small divisors, partially offset by the 
presence of an additional small factor; but ¢ is obtained to only four places, mainly on account 
of the introduction in the long-period terms of an additional small divisor when the equation 
for this variable is integrated. 

The actual accuracy of the theory is considerably less. In § 24 it is pointed out that owing 
to the omission of certain terms, the inclusion of which would have required much more com- 
putation than we were prepared to undertake, the theory cannot be expected to represent the 
motion better than 1° or 2° in Jovicentric longitude. For purposes of prediction this would, 
however, be amply sufficient and we should feel that our work has been fully worth while if this 
degree of accuracy is attained. 

The next step is the comparison of the theory with observations. The first result of this will 
be the correction of the constants, especially those of eccentricity and inclination. This has 
already been started by one of us (D. B.), and it will probably be carried out under his direction, 
since the advancing age and other occupations of the senior author will prevent him from giving 
any effective assistance in the work. The latter can only hope that a real start has been made 
towards the solution of the most difficult problem in celestial mechanics which he has en- 
countered. 

One of the objects in view when the theory was started was a test as to whether the use of the 
true longitude as independent variable could be recommended. The result is in doubt. The 
method has given rise to complications which make the development of the terms of higher 
order difficult to follow, requiring great care if errors are to be avoided. On the other hand, 
when we are practically compelled to start with an elliptic orbit owing to the large eccentricity, 
the method appears to have decided advantages, the chief of which is the fact that the de- 
termination of 1/7 is made from a simple equation, and that the other variables are then easily 
obtained. A second advantage is the fact that ¢ is present in the disturbing function only in the 
form x’Z, so that all perturbations of ¢, and in particular the long-period terms, have the addi- 
tional small factor 2’/z. It is possible that modifications of the equations could be found which 
would retain these advantages and make them easier to handle. 
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The following errata in the first part may be noted here. The definitions of €, / on page 59 
should read 


ao {Z@ €) é} =ob-agii (—e) +e, 


1=0—@ = +-99854v—m, 


v, » being the values of v, » without periodic terms. In line 3 from the bottom on page 59 the 
divisor —-170641 should be changed into —-171171. 
With the new motion of the node obtained in § 24, we have 


v =+:99639V-+const., 
/ =-+1-002169-+ const., 
and the mean motions of the perijove and node are 
— 002167, —-:026927” 
respectively, where z is the mean motion of the satellite. 


§ 16. The Equations of Variations. We suppose as usual that additions to #, containing 
a small factor whose square may be neglected, are made; we require the corresponding changes 
in the equations of motion. 


The latter are (§ 2) 


Dg = — Sy ch ee Ve P20) hc acto gee een (1652) 

Putu-gq=9 a a D1 ed ee tape oes (16.3) 

Dt (2) a ae eae he o—# oe Oe. GG BO) 

Put OS IOC, WE Ou ih = eh ee eee (F697 60) 


After the change of w, g, R to ua, ga, Ra, and the introduction of the relation p = a*n?, the 
equations become 


Dos —2 oe ie ead Dis RIB) Aa ater ose uta hae: (16.10, 11) 
i oT i gt 
Du+u-g=u(+2T+0 5g) 77 tUP g)- 7 D (Do.¢) v 
= u(427+u ae) — 4 rot a (L7O)®, execs eterna (16.12) 
I , cne7. ede 
nDi= ~~, D (Tq?) = -—¢ Ts DO as: (T6135 tf ais) 


§ 17. Denote by the suffix zero the values of the variables obtained in the intermediate 
orbit, and by § the additions due to an addition 8,4 to &, or 8,7 to 7. The squares and products 
of these additions will be neglected. 
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We recall that, according to (2.10), 


Te “ (4—T+44I")4 = (1—41)? cos (2v—2n't-+ 2€’). 


20R Ol: 
5 apn fe ppt (07-a1—) 


have been neglected in the intermediate orbit, they constitute part of 


The equation for I is JER Wits = 

eee Ee 

As the terms in 20 

the addition to the forces arising through 8,2. Consequently we substitute for the variables 

their values obtained in the intermediate orbit, making the equation (17.1) immediately 
integrable. Putting 


Z aig (Bop) - 522 (a5). net laine eae (i722) 
we obtain a result which may be written 
T= gy—T)Z, 

where y is the constant defined in (2.15), so that 

OP SPT (001d lester teen ta ce ae eee (17.3) 
Submitting the equation for Q to the variation 6, we obtain 
D8Q = 8,0’ + Do80+ Oy8uUt O16 WHY), ..ccceccec ees eee erecens (17.4) 
Sa: Noes i S74 ( os 7 Da Za oe ae (17.5) 
Qa= — 28 Do, W= - SEO 8 rare ater (17.6, 7,8) 
Q 0 


JT), denoting the second term of gf /u5. 
The equation for u becomes 


[D?+(1—a,)*] bu = 8,0’ + Ugde+ UGDSq4+ Ug D5Q+ Uysu+ US w—v’), ...(17.9) 


2) 0 
where j= — 2U,0,7 + Us; ea 6,7 + [2v0r en Lae (L720) 
0Up oly 
, 3 3 OT wt 1 we ] 
Ue = H7— Volo aR o=4tHLQ, Ug = = sn 7 tee 
Uy = 62%)—-41 D244 (Pe)?—20, +a}, U,= uD. ...... (F714, rs) 


The first two terms of the expression for 6,u’ can be combined into —2U96,7 when 6,7 
contains Uj* as a factor (@ and e’ terms), or into —3U 96,7 when 6,7 contains Up® as a factor 
(parallactic terms). 


The equation for v is 00 —fOu le pan (p or): 
Since 6z occurs in the equations of variations through 6 (v—v’) only, it is simpler in most 
cases to use 


DB (v—0") = 8 (D8) —@, Ddt = 8 (r oa) —n Dbe = 3,044 VSL eee ee 


Rane (lea 
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g) 0 O75. 
where eens goede IL 9 
Ov Ty = Ol Vi aT, i an) Ec Aoe OORT eae iors = (17.18, 19) 
Ole) 2H iB 
We ae 0 epee 2 0 = , 
U uy Po ar, t oe ee Do, OO oe (17520, 22) 


Use of equation (17.17) makes it possible to continue the process of approximation without 
obtaining the values of Sv, 8¢ separately. If, however, 8¢ has been found by integration of 
—2U9 *8u, there is some advantage in obtaining successively 


OUiel)e! {5e" + Ve8r+ (Vi Z) 6u+ V568 @-o')!, ae he ae (i722) 
OOO pa t0U: Ml OL ae tant coos Pee (17122) 
After the final approximation to $v, 8¢, 8F, the value of 80 can be found by integration of 
my Ct Beco) Wi 
Dé = T, DS sreieile ofs) sisiotele are eretscke eforeverer evefatelersreiaisys (Grex) 


In the case of the @-terms this equation for 84 is not applicable. This case is treated separately 
in § 24. 

Since the coefficients of da, Su, etc. in the equations of variations are functions of the inter- 
mediate orbit only, and since they would be needed for all further perturbations, they were 
computed from the results previously obtained. They are given in Table 1. 


§ 18. The method of procedure for any new set of perturbations has been first to calculate 
the portions Z, 6,Q’, 6,u’, 8,v’ arising from the new portions of the disturbing function with the 
values in the intermediate orbit, and then to solve the linear equations for 5a, du, dz, dv by con- 
tinued approximation. The equation for 8Q is first solved by putting 6e, du, § (v—v’) zero and 
integrating. The u equation is next treated by putting du, 5 (v—v’) zero, and using the value of 
6Q just found. With these the values of 8, 6 (v—v’) are obtained. 

In the second approximation these values are inserted in the right-hand members of the 
equations, proceeding in the same order, and the approximations are continued in this manner 
until the necessary accuracy has been obtained. 


§ 19. Owing to the presence of terms with periods which are long in comparison with that 
of the revolution of the satellite, small divisors arise in the integrations which in some cases 
render the approximating process a slow one. Two devices have been used partially to offset 
the additional work needed. In one of them to the coefficients most affected or having the 
greatest effect on other coefficients were added unknowns %,, %,, ... which were carried through 
a set of approximations until the variable to which they were attached was again reached. The 
results gave a set of linear equations for the unknowns %,, %2, ... from which their values were 
found. This method overcame the difficulty but at the cost of a considerable increase in the 
amount of calculation. 

The second method was only reached after the numerical basis of the approximations had 
been fully examined so as to find out the chief source or sources of the slow approximations. 
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It turned finally on the thesis set forth by one of us elsewhere* that the most rapid method of 
approximation is obtained by calculating the coefficients of the terms of short period before 
those of long period are undertaken. In general, and certainly in satellite theories, the relative 
effect of the short-period terms on those of long period is much greater than the effect of the 
latter on the former. This is seen to be a natural result of the usual pertubative forces where, in 
a short interval, the principal perturbation is the half synodic period “tidal” effect. It is true that 
a short-period term may have a small divisor as, for example, the evection in the lunar theory, 
but this is essentially due to long-period changes in the eccentricity and in the longitude of the 
perigee, and under the general principle these would be left to a later stage of the work. If 
Delaunay in his remarkable literal theory of the moon—the most extensive piece of analysis 
ever undertaken—had eliminated the short-period terms first in his step-by-step process of 
changing the variables, the amount of calculation needed to furnish a given degree of accuracy 
would probably have been much less; the convergence in the earlier steps would have been far 
more rapid and the comparatively small number of long-period terms would in the final steps 
have been easier to obtain. 

This second method has been used for the determination of those long-period inequalities in 
the present theory which depend on the first power of the eccentricity of Jupiter. The general 
plan is set forth in the following section, 


§ 20. Suppose that in the course of the approximations there is in the equation for DsdQ a 


term asin (Av+A ). The integration gives for this term 
oo = -< cos (AV-+Ap). 


When this is inserted in the equation for u, the contributions due to Do, D?8Q will be small 
compared with that of Sq if \ is small, This is true not only on account of the factors A, 2 which 
arise, but also because the principal coefficients in U%, Ug are smaller than in Ug. We get 
approximately from the value of Ug in Table 1 


(D?+1—a) du = —; cos (AV-+Ap). 


Z 
rN 
As and a are both small compared with unity, we obtain 
a 
Su = —3 x C08 (V+ Yo). 


Whence from the principal term in —2U9° 


2a 


$= $2.35 sin (Av-++he) = +55 Sin Qv+)o)- 
Finall D8q = +S, sin (w+) 
ae Se Ge 
or, since z’ is approximately — 4, 
Dso= eae sin (AV-+Aj). 


* E,W. Brown, Monthly Notices, R.A.S., Vol. 90, p. 13. 
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Thus each time the series of approximations is made, the coefficient is reduced by 1/100)? of 
its previous value. Summing the geometric series, we get the final value 


I 100, 


I+1/100N~ 1+ 100A2 


Hence, if we diminish by 1/(1-+ rood?) the value of any portion in D8q that arises as part of 
the coefficient of this term, we shall obtain a good approximation to the effect on the variable. 
After this process, the final approximation should be made without any change of this nature. 
If the work has been done correctly, it should differ very little from the value found in the 
previous approximation. 

The same result is evidently true for the terms with this. argument in the equations for 
du, 64, and should be applied in the same way. 

It is interesting and useful to notice that the coefficient is nearly always diminished by the 
further approximations. This may be true for all retrograde motions, and the reverse may be 
true for direct motions, but we have not investigated this point. 


Sr. Development of the Disturbing Function. With the definition of u, 7 according to 
(16.8, 9) the disturbing function (2.7), with the omission of the first term, becomes 


Le | 


—4 a 3 S2 il Al a 3 \ 
Pane) \pa (28 a) eget U oa (BS Ee 
If S, S?, S? are developed by (2.8), we obtain 


3 
L=—— Ut = rer) [((4—T+ 4F")+ (1— 41)? cos (2v— 20’) | 


ee & [(1—4D) I {cos (2v— 20)+ cos (2v’— 20) + 1T? cos (20+ 20'— 46)}] 


a if / 
+gtu7 oa [$(s—iry’ cos (37 — 32 yii= ere Vises 1%) cos (v—v"). (21.1) 


The first part of 7 is denoted by 7%; it constitutes the disturbing function that was used in 
obtaining the intermediate orbit. 

The second part of 7, denoted by 74, ai be used in the development of the @-terms. 

The third part of 7, denoted by 7,, is the part that produces the parallactic terms. 

In the further development of 7,, 7,, v’ will be replaced by ’¢—e’, but those portions 
depending on e’ that can be included without changing the form of the solution will be 


retained. 
In addition to 7), 7, we shall also consider the terms that contain e’ as a factor. The part 


a) 


of the disturbing function that produces these terms will be denoted by 7,. It is that portion 
of Z), developed in powers of e’, that has e’ as a factor. 
In these additional parts of the disturbing function the variables will be replaced by their 


values in the intermediate orbit, indicated by a subscript zero. 


BB 2 
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Put jf, = the constant term in sre (1 —e”?)-3, 
ao 
I 
R= Gs A “3 COS (2v’ — 2n’t+ 2€’) = 1—Se'?+ e's 
Ose 
/ ae 
Is = ” ” ga Gu — 3n't+ 3) = OCR ae 
WA 
239 
Si= oH 90 yee (v'—n't+e') = Tap eleek ene 
The numerical values, with e’ = :048374, are 


fr = 100352; fo= 99415; fs =+98600; fy = 1:00470. 


Introducing hy hs aS 12.9), 


, 


12, 
ee GL 
4? m'+p 


/ 
_ 327 m 
4 mp 


fi: = (022031, Ay = i — 21025, 


1 


we have 
Ty = vo? [(1—4 Ty) Ty {A cos (2% — 209) + 2a Cos (20% — 29) }+ 42 TG cos (2% + 2v)—46)], (21.2) 
and introducing w for u%—x't+e’, 


aa 
ne. ne a’ m' +p 


= Ie (1-21) got Uo® cos 3+ 3 fa (a T+ 2513— S13) gotUo® cos w. 


From the known expansions of elliptic motion we obtain, to the degree of accuracy needed, 


2; =fit3e’ (1+) cos 2” = Fi + 3’ (1—3e' 2) cos gt, 
3 


—~ cos (2v’—2n't+ 2€') = fot 3e’ (1—Se"?) cos” =f; ie + 3e' (1—Ze’) cos g'| ; 


'3 


—~ sin (20’—2m't+26')= +4¢ (1-35 e’2) sin f= A fre’ (1 +3 e'2) sin 2", 


where g’ is the mean anomaly of Jupiter’s orbit, 
g = m't{—eé'+oa’.* 


The definitions of 7’, e’, w’ are as given in § 1, so that g’ has a negative motion. With these 
definitions the principal term of the equation of the centre is + 2e’ sin g’, the same as in the usual 
case of direct motion. 

Making use of these developments, we obtain 


= | 341 U5" (1—2e”) (2-1, + 41%) 3haUa* (1— Re” )@=i0) cos oy]. e’ cos g’ 


+4h,094 (1+% 6" 2) (1—4y)? Slit 2W.e (Gil 2 eee (21.4) 


* This definition of g’ differs in sign from that of part Iv, page 52. The change of sign has no effect upon the results 
derived on that page. 
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§ 22. The Terms depending on 0. The additional part of the disturbing function is 7, 
defined by (21.2). Omitting the last term which has I? as a factor, we obtain 


OL —T ; , 
SVE Ces ess x {Ay sin (2% — 205) +4, Sin (279— 20) }, ..eseeeeees (22.1) 
Ty 265 U5 
, It 
QW = itag2) cinreay DOSIT i ee (2252) 
Up = —2Uy let 2Uyly ot Vg, a ae L sie eee eee (22.354) 


The development of these expressions requires the introduction of a new argument 2/, 
defined as the value of 2v)— 20) without its periodic terms. Then 


COS 


7 (20 — 240 NieCOs Ae ~ (229— 264 —2f)+sin 2 ae «(220 — 20,—2fF), 


“ (20%— 284) = = COS Hee ~ (20-264 —2F)+sin 7 ce , (200 209— 2F). 
For Ay Qs, Us, Ys we obtain series of the form 
cos 2F => coeff. © Chee i)+sin 2F 2 coeff. ° 5 es il), 


the coefficients of cos 2/, sin 2/ on the result of two separate double harmonic analyses. 


Before integration the series are written 


Spe coeff. © _ GF 37-41). se y rae ens a 


With the motions given in i 13 we obtain 
DF = +:99690+:02186 = +1:01876. 
The final approximation was made with different values of these motions, obtained by a new 
determination of the motion of 6 (§ 24). These are 
2€ = +2:333891Vv+const., 
Z= + :998543V-+const., 
6 = — -026818v-+const.+ periodic terms, 
v= + +996392vV-+const.-+ periodic terms, 
2f = +2:046420V-+ const. 
The values of Z and of the additions due to 7, in the equations of variations are given in 


Table 2a. 

§ 23. The solution of the equations by successive approximations is complicated owing to 
two features. The first and most important of these is the presence of small divisors, especially 
those connected with the argument 2/—2/. The second feature is the fact that the coefficients 
of many short-period terms are appreciable. This complicates the multiplication of series and 
makes it necessary to carry out several approximations before the desired accuracy is reached, 
especially in the coefficients of the terms with the higher multiples of €. After two complete 
approximations, the coefficients of the terms of short period with arguments 2/'+ 7/, 27 42€+ 
had been obtained with a sufficient degree of accuracy, but a third complete approximation was 
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necessary in order to obtain the coefficients of the terms with arguments 2/-4§€+2 with 
comparable precision. 

The difficulty of the slow convergence in the determination of the coefficients with small 
divisors was met by adding algebraic unknowns to these coefficients as explained in § 19. 

The results obtained after the third approximation were considered final until it appeared 
that the correction to the motion of the node obtained afterwards would change the small 
divisors so appreciably that a new approximation to the difficult coefficients was necessary. The 
changes produced by this correction of the motion of @ for the most important arguments are 


shown below: ae (D? 41-2)" 
rere } SS SS 
Argument New Old New Old 
2F — 3] + 10-407 + 12°637 
2F —al + 20:270 +24°726 
2k —| — 9905 — 12°135 
Ee 2e === 37479 = 93:301 


The final results for the 6-terms are given in Table 2 B. 


§ 24. The 0-terms in the Node and a New Determination of the Motion of the Node. The 
motion of the node is found by (2.6) 
7 
DO = ae eee Pee, Cae 
Thus, with 7 = 7,+7,, which suffices for the present purpose, 
DO = vu [2, (—1+P)+, (—1—4P) cos (2v— 2’) 
+(1+T) {2, cos (2v— 20) +, cos (2v’— 20)}+ 2I'. 2 cos (2v+ 2v’— 48) ]. ...... (24.2) 
Owing to the partial differentiation with respect to I, the terms with arguments 2v— 20, 
2v' — 20 are of the same order as the terms included in the intermediate orbit. In the method 
used for finding the effects due to these terms in g, wz, v it was assumed that squares and products 
of 6, and its derivatives could be neglected. This method is evidently not applicable in this 
case of finding the perturbations in 6. If the equations of variations were used, it would require 
a development of the new terms of the disturbing function similar to that of the portion included 
in the intermediate orbit. This is equivalent to adding the terms 
oT, OT, gd oe OT, 
are Tt agar 8U + apg 28+ apay ©? + span’ 


" duer ou 


to the right-hand member of the expression for 166 in (17.22). 

Instead of following this procedure it was decided to integrate equation (24.2) completely 
by using triple harmonic analysis. Special values of the right-hand member were obtained by 
substituting the values of u, I, v, v’ of the intermediate orbit corrected for the contribution due 
to the @-terms as obtained in the third approximation. For @ the value of the intermediate orbit 
was corrected for the incomplete correction due to the §-terms as given by (17.22). 

Six special values for 2/ were adopted: 


aL = _04180,,00,4700, 1200210, 
The right-hand member was therefore computed for 432 special values, being six times the 
number for a typical double harmonic analysis in €, / as explained in § 11. After analysis and 
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integration the result was obtained in the form 
6—const. = 6,v+ >;,,9;,, sin (27€+ 77) : 
; A A J = O, staph eeey SE ak 
ga U pee SN Cree oles eye 8 
Be Oren (ae off DS OP eae 


The coefficient of v is the new value of the mean motion of the node. The value of the 
intermediate orbit was —-021861, the new value is —-026818, an increase of about 23 percent. 

The terms with arguments 27€+// have the same form as in the intermediate orbit. Their 
differences from the coefficients 0; on p. 60 are the effects of the squares and products of the 
contributions due to the @-terms. The new series is given in Table 2c. It replaces the series for 
@ given on p. 60. 

The terms with arguments 2/'+ 27€+ 7/ have the usual form of the 6-terms. The values of 
the coefficients are given in Table 2 s. 

The terms with arguments 4/'+ 27€+ i/ are given in Table 2 p, The most important term is 
the long-period term —-06218 sin (4/—4/), having a divisor +-0987. The next largest term, 
+°01433 sin (4/—2€—2/), has been produced by a divisor —-2381. The magnitude of these 
terms in 66 may be used as a rough indication of the magnitude of the corresponding terms in 
the other variables that have not been computed. Allowing for the divisor I present in the 
equation for @ we conclude that, owing to the omission of terms with arguments 47+ 27€+ i/ 
in the other variables, the theory cannot be expected to represent the motion of the satellite 


better than within, say, -o2 radian or between one and two degrees jovicentric. 

A further refinement of the theory should include these terms, but it is desirable to obtain 
first a more accurate set of constants of integration. The method of triple harmonic analysis 
recommends itself for this eventual revision of the theory. Its usefulness depends very largely 
on the accuracy of the approximation used as a basis for the new integration. It is expected that 
the accuracy of the present theory, modified by a comparison with observations, will be amply 
sufficient for this purpose. 

The method of triple harmonic analysis as used for the determination of the terms in 86° 
only is probably more laborious than the differential method would have been. However, it 
yielded results that would not otherwise have been obtained. The additional labour appears to 
be justified by these results. 


§ 25. Lhe Parallactic Terms. The new part of the disturbing function is 7, defined by (21.3). 


7 


Denote by Qi, vi, ... the additions due to 7, in the corresponding equations of variations. 
Put Ty) = Io +T,, where Tp = +°14474 and I, represents the periodic portion of T, in the 


intermediate orbit. The largest term in [,, according to the series given in § 14, is 


p? 
—-+00492 cos (2€— 22). 
Neglecting the square of I,, we find 


pi? 


ale re Tj—ZIh = + +32919— 3°8086T,, 
(1—4T))3 = Es *79823— 122007775 
+ —3Ty+8r9 = +3°80859—10°8717Tp, 


(1—3T))? = + -86050— -9276L,. 
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Making use of these developments, introducing the numerical values for f;, /,, and putting 


, 


F.= (=) .S. Ze 


a n a’ m+ p’ 

we obtain 
of+F, = +-924499tup*®. 4 (1—41,)* {sin 3+ (-0840—-836T,,) sin P}, .........05. (25a) 
UF, = Bie (1—4T,)* {cos 3+ (-2521— 2-5001,) cos P}, ..-....0. (252) 
vy. Po 92 44- ae 90 tU5®. (1—41y)* {cos 3b-+ (1°8040— 372051) cos H}. (25.3) 


§ 26. When the method previously outlined for solving the equations was started, it became 
evident that the terms dependent on 3 or 3€ would completely change the first approximation 
to those dependent on w or €, while the effect of the latter on the former was comparatively small. 
The former were therefore first obtained neglecting the terms dependent on €, 5€. The latter 
were then found and a second approximation to those dependent on 3€ gave only small changes. 

A curious feature of the principal parallactic terms—those dependent on the arguments 
€, €—/—is their smallness, due apparently to the fact that the portions of the second order with 
respect to the disturbing mass and arising from the terms dependent on 3€, nearly cancel those 
of the first order. The long-period inequality found from the latter alone is many times its actual 
value. Another feature is that the effects due to the higher powers of the eccentricity are nearly 
equal and of opposite sign to those due to the lowest power. 

In order to avoid several approximations to the final values of the coefficients, the method 
outlined in § 20 was applied to the terms with arguments €, €—/, €—2/. There is, in fact, only 
one small divisor which causes trouble, namely that arising with the argument €—/. This divisor 
1Sbu7 

In setting down the final results the factor F, has been omitted. Its numerical value is 
+ -90088829. The additions due to the parallactic terms in the equations of variations are given 
in Table 3 a, the results in Table 3 B. 


§ 27. The terms factored by e’. The new part of the disturbing function is 7), given by 
(21.4). Substituting -14474+T, for Ty as was done in § 25, we obtain 
3—Ty +a = +°19906—-85530> 
(1-41)? = +°86050— a 
The numerical values of the factors containing e” are 


gro. I 9 
[5 Co = 90012, hye = 99991, I+-4e% = 1:00132, 


whence 


T,, = Uo*.[(-013146—-05648I,,).e’ cos g’ + 2°9997k2 (I-41)? cos 2%f.e' cos g’ 


+ 2:0027.2k, (1—4I))? sin 2.e’sin g’], ...... (2720) 
Q, = Up*.[2°9997. 442 (I—3Ip)® sin 2y.e' cos g” 
— 2:0027.8£, (I-41)? cos 2W.e’sin g’], ...... (27.2) 


U, = —2U9°.[(-013146—+056480,,).e’ cos g’ —2:9997k, (1-4)? cos 2h.’ cos g’ 
— 2:0027. 24, (1-41)? sin 2W.e’sin g’]. ...... (2753) 
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In v, we omit the portion dependent on e’3. Then 
Y, = Up*.((—Iy +1) .34,e’ cos g’—T, (1 — 315): 3s COS 2W.e cos g 
elo ial gied sie. crsi ga) aay (27.4) 
The numerical computation of these expressions can be simplified by introducing some of 
the functions defined in § 17 and tabulated in Table 1. We can write 
Oye 50715 OG 6 COS Pa =2-00200 76 sie. Vn ren (27.5) 
if the variable part of Ty be neglected in the first term. The effect of this last limitation is less 
than -oore’ in any coefficient of 8a. 


U, = —2U9*.(+:013146—-05648I,) .e’ cos ¢’ —-7499Uy Q%.e’ cos g’ — 2:0027U%,.e’sin 2 So 7RO) 


Ua ly 05. 2 cose eO se Sinie a a eae ee ee 277) 
The argument g’ is developed as follows: 
& =nt—e+s' = —-170641 (V—€)—e' +a’ 4 (nD, Hl H+ (Dy occceeee (27.8) 


where (v’Z), is the sum of the periodic terms of »’¢ in terms of v given in § 14. It is sufficient 
to put 


COS eee) Shh vo COS Ge ciile, 
| y= 4) Cy eC Oe ere cs (27.9) 


The products of series were formed directly. The contributions due to 7, in the equations of 
variations are given in Table 4 a. 


§ 28. The method adopted for solving the linear equations was the second method outlined 
in § 19. The terms dependent on the arguments 2&+ #/-+/’ were first found, and the results were 
utilized in finding the first approximation to those dependent on the arguments #/—/', 4€+ 747’. 
The changes in the former set due to the latter used in the next approximation were quite small. 

A noticeable feature of the terms dependent on the arguments 7/—/’ was the fact that the 
terms due to 7, dependent on the first power of the disturbing forces were nearly cancelled by 
those dependent on the second power arising through the terms dependent on 2€+7/+/'. 
Another feature was the manner in which in many cases the inclusion of the higher powers of 
é, a result of the form of the intermediate orbit, diminished the magnitudes of the coefficients. 
The form of the disturbing function shows that the large inclination also contributed towards 
diminishing the magnitudes of the coefficients. Finally, the retrograde motion evidently per- 
forms the same service. This can be seen from the calculations and also from Delaunay’s 
literal lunar theory. 

Similar results were noted in the parallactic terms. The principal long-period terms are 


those with the arguments a7 ae ys ee a7) 


giving divisors +-171 + +167 —I51 

as compared with a divisor unity for the argument /. In the two latter cases the coefficients 
turn out to be very small. In the first case the feature mentioned in the beginning of this 
paragraph is present so that the coefficients are much smaller than might have been expected. 
The plan outlined in § 21 was adopted in forming the approximations to the coefficients of terms 
with small divisors. The final results are given in Table 4 s. 
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Tare 1. Series for Qo, Qu, etc. for use in the equations of variations 


Arguments 2j€+11. j7=0,1,...,4; t=0, £I,.-.., +8 
EO y=Ost | f= as y= e— Wg 2 ae | 4=251— | 9=3;0+ | G=334- | G=4; 1+. | J=45 t= 
Qg=—V,, (17.6, 21) Sine series 
) —-007777 +-001741 — +000301 + +000040 
I —-000392 | + 6082 | +-004400 | — 1484 | —:001299 | + 280 | +-000228 | — 38 | —-000026 
Zt 88 | — 3342 | — 1795 | + Q7e A 08s) = 200 | — (OM Se 307. 4 
3 |+ ij} + 1504] + 643 | — 544 | - 68 | + 134} — 26 | — 22 | + 10 
4 |- 2 Oil ese MSOT 1 ee 2 208 Hort 200m: 26 | — 74.| + 8} + 163i 7 
5 + 12} + 2II ) + 60 | — I16 } — 6| + 37 | — 5 ,- 7 ete 2 
6 — 5|- 70 | — 162) 48 + 2{— MA va Sit oe a 2 
7 of 2a 22>| + T= Teale Zar 8) = a Oe pa a I 
8 | - I| —- 6| — 2| + Oo I| - 4 Zak I fo) 
Q.,, (17-7) Sine series 
0) — +50077 + +12179 — -02164 + -00280 
I = *-01653 | + 42475 | + -32013 | — 1081 | — -08719 | +) 2125 | + -01534 7] — 300 | — 00178 
a - 187.| — 25905 | — 15078 |<+ 7848 | + ©2530), — 107% | — 466 | + 303 | + 62 
3 a 805 | + 12962|} + 6696; — 4619 | — ASQ).|| 9) 1123 = 214 | — 195 | + 83 
4 — 583 | — 5590| — 2467) + 2383 | + 156 | — 648 | + 83 | + 142 | — 54 
5 a 2904 | + 2177 | + 816 | — 1102} — 32 | + 320 |.= 40 | — 92 | + 18 
62). = 120 | — 791 | — 271 | + 478 | + 20 | — 164 |} + TOaiets 36 | - Io 
7 aE 40 | + 278 | + 110 | — 194 | — 20 rar GA Werle 3; - 13 ce) 
8 = i3| - 84 | — 30 | + 660)F =e 7\|— 28 One 3 e) 
ett 7.9) Cosine series 
0) — -02910 | + +20689 — +03955 + -00629 — +00095 
I + 4793 | — 16118 | — ‘11998 | + 3412 | + -02815 | — 588 | — -00456 | + + -00063 
Zale 2050 sate MB8671). 4980) 7 2240 |) = 19379. Nek OD Se Per EIS! = 64 | — 32 
3 + 768 I~—. 4008} — 1663 | + 1245 | — 10 | — 271 | + 98 | + 47 | —- Tr 
4 — 281 | + 1586) + 504 | — 592 | — 2\| + 147 | — Io | — 21 | + 4 
See eee OY) Bf ane sagt 205 iat oe eee 0S Ses 16 | + 5 
6 - 43 | + 199 | + 32 | — 110 | — 5| + 36 o|} — 6 (e) 
7, NS 5B al ae 65 | — 2 40°) = i (ie 16 |= 3|/ + 7 | + 3 
8 - 84+ 18 | + 4|- i4 } = oN ae Say it 2 Or reeks I 
Q? (F721) Cosine series 
o | + °87212 | — *02541 + -00286 — +00032 + -00003 
I - 647 | + 1365 | + -:02680 | — 196 | — -00286 | + 26 | + -00030 | — 2 | — ‘00002 
Cmte Wie 574M 24800 |e ELON Sse) et Z0g as 15.) Sahat 8 
3 — 44 | + 2II | — 818 | — 5r | = 49 | + 10 | — 3 0 re) 
Aa On) TOA ae TOAG Si BA a AA sila 2 0) 0) 
5 — 2| + 22 |) — 19 | — 8 | + 22 | + 2\|— 2 0) 0) 
6 oOo}; — 7 | + 4| + 3/- Ij - I 0) 0 0) 
a o| + 2|—- I|- I} + i} + I 0 O ry) 
Ug’. (17-13) Cosine series 
0) — +28790 | — -00695 + -00030 — -00002 “00000 
I — 11612} + 239 | + 01954 | — 17 | — :00032 | + I | + :00002 0) “00000 
2 — 27 | — 74 | + 17905) + og) + I} — I ) 0) o 
Bae se Ba Norte 2, ATT aa = oe sc 18 I ) ) 
A Del OA at 24) Ij — 28 fe) 0) ) ) 
5 OF -r I} = 2 Oy = 8 ) ) fo) 0) 


oO OO He Nin 
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TABLE I (continued) 
Afguinents 27€+7). 7=0,; 1, .:.,4; t=0, +1, ..., +8 
| 
oe) 797 |) P= 1, t+ JIS 4 | J=2; 0+ J=2; 1- | J=3; 1+ | J=359-.| f=4, 44+ | 9=45 1- 
i | | 

U,=8Ug, (P7212. 15) Sine series 
(e) + -08256 | — -oOr163 | | + -OOI5I — -00018 
I + -00303 | — 55608 | — -03630 | + 926 | + :00827 | — 137, | — ‘oo108 | + I5 | + ‘oooro 
2 | + I2r| + 2618; + 1168| — 570/ + 98 | + 94) + 13} —- 16 | — 3 
eas ee EOLA See g5L |) 4x 201.1 = B05) es 5010 48°] + 5 4 
4 <8 40 | + 3560 | + go | — 130 | — 4 Nok 32 o| — 8] + 2 
5 - Iz} — 114 | — 24) + 52) + 2|—- | + Ij + 2 6) 
6 + Bl Se 35) || or 7 | — 16 | + 3} + 6} — I| — I fo) 
4 o| — 10 | — 3) + 7] + Ij} — 3 Oo} + I ) 
8 Oo; + 3| + I/| —- Z o|} + I 0 O O 

ity 14) Cosine series 
fe) + -o1186 | + -08621 | — :00642 — -00038 + -O0orII 
I — 1448 | — 4755 | — -:06205 | + 157 | + 00792 | + II0 | — +00034 | — I5 | + 00002 
2 a SRAM e 915350) +1 9113394. | + I7I | — ESF le 139 | + 40) + 45 | + II 
eee 9) [207 |, — 1377 | —) 244 | + Blea) pele Ta Sea 45| + II 
, Se ey aor [Om ae 5278 ee LOR = 15 Nee go | + Taek Si 5 
5 + 65+ 10z2 | — 154 | — ro8 | + 8) + 53/- I|—- Ir} + 2 
6 _ Ir | — 54). + 46) + 571, - 8) - 26 | + I/| + 5 0) 
7 + 6 + 23) - 1g | — 26 | + 8 + Hi - 3) - 4| + I 
8 2| + Ii + 5 | + Io| — 3) - 6| + Teck 2 fe) 

Ey x (27-19) Cosine series 
0) —-002509 | —-002610 + +000637 | —-000118 + +000020 
I + 3187 | + 2052 | +-001217 | — 544 | —-000461 | + 109 | +-000090 | — Ig | —-000015 
ee F5e04— 1090 | =. O12) + 354) + lel (ae i he 325) b ESu 7 
Sot 602 | + 464 | + 228 | — 199 | — 37° | 49 | — 7) — 16} + 6 
4 — 205 | — 170 | — FOg fe gor; + 15 = 26 | — Saha 6} — 2 
5 “8 62 |} + 56 | + E75 = 4I | — 5 | + 14 o| — Faas I 
OE tae ro Ae 7|— 3|+ 16°) = CE eee CF 5 a 8 2 fo) 
oes elect i ea i 5 a as 3 OMe I O 
8 — I/| —- ie oO. + 2° | Oo; — i e) 0) O 

, (17.20) Cosine series 
(0) — -38767 | + -09341 — -or186 | + -O00154 — ‘00019 
feeiesets sey | — 6019 | — -08088 | + 976 | + -00999 | — 139 | — -00123 | + 2I | + -00012 
eee) S052 f+. 570.) —° 042) —- 330) + 102) + AG ha Lie 5 
3 + 5886) — 1720) + 58 | + 364 | — 258 | — 65 | + 25, | + 10} — 3 
4 — 1804 | + 720) + Io) — 177 | + 38 | + 36 | — 33 | - Be eae 2 
5 + 515 | — 278 | — 25 | + O2a er 27 \ = 19 o| + 2/— I 
6 — I4I | + ror | + EAa) 37 | + 13 \--+ 9| — r | — Z (o) 
7) + Ee ie ep ee Soe 4 3a-= Fy ee £96 I 0 
8 | - Io | + 10| + 2) — 5 |) + r!+ 2 O | O 0 

ve ao (17.20) Cosine series 
o | + -01478 | + -or188 — +00395 | + -00087 | | — -00016 
I 2 1032) — -o0644 | + O83 7ey te 600255 |e 82 | — -00065 late 16.) 4 --000T2 
2 4+ 74) + 613| + «353/ — £248) - go + 62) + 27) — 3) = 
Bei 530|/— 288|— 156| + 146! + 38 | = TO 2 ee To 
i Z07.\ 114 | + 57) - 725 = 1m + 22 | + 3 5- 6] + 
5 _ 72) — 40 | — 17 | + 33 | + ee a Bef A Vie 
6 + 23-| + 13/ + 4|—- Ea |e 3) + 6} + Ij} — 2 
Tea ied i ieee ees ae Gee Bye 3h Di | + I 
8 + 2) + ie o| — 2 | o| + I O | 0 | 
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Taste 2A. 0-terms. Additions due to 8R in the equations of variations 
Arguments 2F +27€+1al. j=0, +1, £2; 1=0, +1,..., +8 
| | = 

+4 | J=0; 1+ | 7=0;1- jatuitlj=+rsi—|j=—1;64|j=—15i-[pst2sit ja taii—lfm ait p= ait 

Lies 22M) Cosine series 
o | —:02405 +:00173 | +:14925 — 00015 — 00379 
I + 1118 | +-02910 | — 113 | —:00170 | + 3340 | —°02590 | + 12 | +:00013 | + 454 | +°00229 
Bo) “frat -388a7e | 58 EZ = 630 750) oe 3 |= 9233 ee 
Oil 138) a= O79") = 204) Bale (E53 a 2107 re eerie lem ee |S 
4 — 40.| + 117 | + Ir | — 18 | — Sia oe 60 | — 2 Ne Pai bie 14 | — 20 
5 aa Ir | — 23 | —- 4| + ir] + 8) — TOm ets Te 2/—- 25a a 
6 - 3} + 5 | + Ij} - I| - cae 4 One Z| te rie 3 
of + | = I © |) a I OQ | = I Or} SF I OU iaet 26 

Q5, (22.2 Sine series 
0) ++01763 — 00489 — 002528 + -O0100 — -00061 
i — 1219 | —-o1172 | + 344] +°00530 | + 281 |°+-00055 | — 76 | —-00108 IO | +:00107 
2 = 6040) + 545°) = 201 )—  385.\)— 122) = 106") 50 | + 88 | + 2I | — 103 
3 — 249 | — 197|++ 102) + 18778 44|— 161} — 29 | — AO 4 oe 73 
es ea gr | + TOR AL ae 1S 14 | + g2 | + go Lie To ON Nias 43 
5 - 33 | - 24) + 18 | + 24 | + 3|- 43 | — 8 | — 2|— I eer 25 
6 + Io | + 8 | - 8} - 8 | — I] + 16 | + 3 0) o| — Io 
7 \|— 2|—- r| + 4| + 4/ + Ij} — 4 o| + r| + 2\+ 5 
So} eet I|- Bi | ice I On lnats Wie = Tees steal ico Ta I 

U5, (22.3 Cosine series 
o | —:00577 +-00122 —+00607 | —*00022 +-00073 
I + 337 | +:oor81?| — 78 | —*00142 |-+ 224 | +°00370 | + 15 | +:00024 | — 83 | —-00039 
2 1|— 135/ + SAU AT ee 100 7 = 3\/- 82 | — 9|—- 20 | + 13 | + 15 
ee eae te Ost Ig 180 ee) Ou 2| + Be PlOn he Sledge 3 
4 |— Tete 204) ek Or BEY, Wie a 4 oe 7\— 3(/+ I} + 2 0) 
5 | + 3/-  I0| - 3]; - 4| + I} - 4) + 1| + r| — I me) 
6 o; + 3) + 1} + I} - 1} + I} - I} - ri} + it 0) 
| o| — Ij - Ij} — VN ae I o| + I| + I Oo ) 

V,, (22.4) Cosine series 
o | +:0032I —-00058 +-00290! + +00009 —+00074 
a4 — 224 | —-00195 | + 46 | +:00046 | — 149 | —-0022I | — 8 | —:00007 | + 57 | +:00061 
2 + 10] + 96*| — 28 | — Io | + 65) Se EEA re 6} + 2/— 16 | — 39 
Bee ag = 39) + 4 8 eS 24 ee Ae, ee ee 
Ae ietrra Osc TAS | ilies ee Ori a | al ok 2 o| - 2|/—-— 10 
5 Bw enacts 3 o}| — 2|— 6}; — if Oo} + rj} + 4 
Gy oe Zee Ij — I Ona. I) ee 2 ) fo) o}| — 2 
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TaBLe 2B. Results for the 0-terms 
Arguments 2F+2j€+il, j=0, +1, +2; i=0, +1,..., +8 

44 | 7=0;0+ | J=0;1- \f=4+1;14+ Ge + 1;t—-Y=—1ji+|j= —131-|f= 42314 f= 4+231-|f= —2314- [p= —257- 

8Q Cosine series 
0) — 00768 +:+00675 +-03948 — 00144 — 00177 
I + 373 | +:01020 | — 374 | —-oogor | + 795 | —-:01338 | + 94 | +:00176 | + 113 | +:00189 
ee CON 1738) FOOT = 135 | 555 | — 9 53) = 152 | Oe ese 
omer 53 | — 248] —- 71 | — 726 | + 30 | — 248] + 26 | + 62 | — 78 | + gI 
ie eet S25 Asnec aes Io} + 139] — Iz2| — 29 | + 7) — 49 
5) sis 7|— 29 | — LOM) =F —3030 | +- 3) - 66 | + 6} — 6} — 2\ + Lg) 
6 - 2} + 2} + 3; - 56 | — I} + 28 | — r| + 4} + I| — 73 
Wy Q | = 5 | = ie |) oF 168} On Oi) Se I O O | SF 5 
8 Oo} + 2 o}| — 3 o| + 3 o| — I o| — 2 

bu Cosine series 
0 +:+00563 —+00200 + +03543 +-00026 + +00065 
I — 157 | —-12497 | + go | +:00344 | + 1812 | +:02293 | — 16 | —:00033 | — IO | —-00421 
2 + 46.| — 8344 | — 35 | — 347) + %104|} — 204) + 8} + 27 \ ae 6 | — 1306 
3 = 13} — 2577) + Ir} + 1289 | — Io | + 70) — 4/- 2M) af 4 | 728 
Aa t Auli. 88 alex ON 8450) ie Cee evel ta. 2g 2 O + 475 
oP ae Ta 9} + Ly) 643 Oe a ie Gin i se mh Onl aaa Oo) 
6 o| — 3 o}| + 42 o} — 5 Oo} — 57 Oo} + 14 
a © | oe I o| - 3 © | SF 2 On 14 o| — 4 
8 0) 0) 0 0) o| — rf o|} + I o| + I 

du Sine series 
0) +-00148 —+00004 —-O1142 — +00002 + -00022 
I — 82 | —:00050 | + 4 | +:00002 | — 506] +-00120 o | +:00006 | — 33 | —:00017 
2 + 30 | + 805 | — 2\|—- 5 | + 32 | — 36 | — I| —- 2 \ 2I) + 12 
3 — 9|— 614 o| — 22) — 6} + 20 o}| + 2|+ 10} — 9 
4 + 4| + -I905 o| + 83 | + I} — I2| + I} — 4 oOo}; + 4 
5 = I} — 53} + I} + 19 o} + 6) + I} + 5 0 0) 
6 o}| + 14 o| + 2 o| — 2 o| + 8 Oo; + I 
7 o}| - 2 o| - I 0) 0 Oo} — 9 0 ) 
8 o}| + I o}| - i Oi I o} — I o}| + I 

&t Sine series 
re) — +0665 + +0073 — +0063 — +0009 + +0006 
I 4+ 207 | + -1896 | — 36 | — -or2r | — 154 | + -0265 |) + 6 | + -ooro | + 3° | 00k 
2/|- 60 | — -2886 | + | + 4m] + 40 | — 110} — 3/- Ij} + 49| — 58 
3 + We 1623) — 6} — 39 | - Ir | + 36 | + I] + 4) Wp aie 39 
4 -_- 5 | + 50 | + 2|— 285! + 3/- 17 | — I | + Wi Oo}; — 3 
5 <5 I} —- 14 | —- De 26 | — eee 9 o| -— 15 oOo}; — 4 
6 o| + 3 o| — I o| - 3 o} + ii o| + 2 
7 Oo; — FE o| + if Oh | Se E ail “Ee 18 o| — ic 
8 (o) 0) 0) 0) 0) 0) ) ) O ) 

ér Cosi : 

r osine series 

0 

0) +:02021 ++00164 —+12950 —+00057 +-00290 
I — 932] —-02400 | — 74 | —:00280 | — 2942 | +-0192I | + 35 | +:00075 | — 398 | —-00134 
2 + 337 | +°33804 | + 28} + 328) + 568] — 478) — 18 | — 73} + I91 | + 42 
3 — 106) + 555] —- Io|— 3731/ — 135] + ef Ware Omit Son 92 | — 4 
4 + 32 | — 54 | + TO} + 730 | + B22 A Io | — 4|- 16 | — Io] — 4 
5 |= 8] + 9| - I| + 196) — Oman ales oS | Thea Dey 6 
6 + 2)+ I oO} = Dap Woe 2a ais 10 O o) Ol = 3 
7 — ri 2 One: 6 Op = 4 Oy | I o| + 2 
8 On| se I © | = 2 ON iat 2 fe) O O | = I 

80 Sine series 
) + -01862 + -OOOII —-09841 —+00027 +-00298 
I = (678) —-03007 | — 6 | —-ooo10 | — 1936 | +-01886 | + 24 | +:00028 | — 287 | —-00243 
2 108 | +°33032 | + 4|— 20 Ns. 487° — 521 || — 5} — 22 | + Tos} + 173 
3 |-— 5r1/ + 897] — I| — AG =a LOOR st 157") b (ea ZN eee M259 hae 99 
44+ 12) — 254 | — ieee OMe tae ym =. 5G). 2a) teeepigeiec Id | a 39 
Sea ee ne VMAs 21+ 137] - Fac, (222) 5 Ue a 3: |e 
6245 3/- 20] - eae 4 = en 5g oa BEER ex Bina 3 
a | = 3 | + 7) + 1] + ay ae chart: HO ere ee 7S 4) 2) = I 
8 + iG {os 2 oO | — Gp | a 2 0) O | se 14 One I 
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THEORY OF THE @IGHTH SATELIITEL OF JUTILZER 


TaBLe 2c. Revised series for 0 in the intermediate orbit 


0= —-026818V + +26, ; sin (2j€+il). Values of 8, ; 


a 
+4 | 7=0; t+ | g=IS t+ | FSI; t— | G=25 9+ | 7=250— | G=350+ | f=359— | J=45 74+ | =a 
0) — -009286 + 001379 — +000208 + +000027 
i +:032169 | + 5095 | +:004913 | — 1134 | —-ooIIO4 | + 173 | +:000161 | — 23 | —:000020 
2 — 4695 | — 2008; + 8328} + 776 | — 56) — r18 | — 37 | + 14 | + fe) 
Se 707 ES OOT S04 u ies AOC SE 47 Me OCS ate Oa ieee qi o 
4 — 103 | — 234 | — 1614] + 158 | — 174 | — 30 | + 42 | + 3/- 21 
5 Ones 0 Ee ee wee) ae S75 es 200 tae Salt ae Silty II 
6 - Ir| — 13|/ - Tig | + 2|- 240 (e) [o] | + I} + 7 
5 + 2I |} — I2/ + 29 | + 2| + 96 0) [o] | — 5|- 32 
Beviccre Nae tea yee Spee 9) + My leas oS ae 3 lolgitee 3 ilk ese 

TaBLe 2D. Results for the 0-terms. Additional terms in 80. Sine series 

Arguments 4F +27€+7. 7=0, +1, +2; t=0, +1,..., +8 

a 
EO | J=O; 0 | 7=0,0— J= 410+ = +1jt—-y=—-Lyi+s—-1,t—-=+2;t+f=+2,1—-\7= 2594 
0) — 00224 + +00025 +-00076 + -00002 —+00075 
if aa 94 | +°00442 | — 16 | —-00039 | + 32 | +:o0180 | — I | —-oooor1 | + 129 | +-00163 
Geer A Ore 598 80 -F) ETS AG, te 243g I Or Ce ere > 
3 | + 20| + 796} — Iz] — 41 | + 8| — 295 | + 2|+ I} + 6| +. x16 
4 - 13 | — 6218 | + 9| — 4|—- I] + 134| —- Bo 2 o| - 59 
5 te 8} — 383} - 7) + 32 | -— 2) — 56) + Ij + I o| + 27 
6 — Soi ar WSS |) Se 4|—- 32) + 2) + 21 Oo} + I} - I} — Tez 
7 + 3; - 20 | — 2} — 21} — Th ste 6}; — Ij - 74,93 i le 4 
8 _ if ee 5 o| + 5) + 1} + I} + r| + Ij - Ij — I 


Tasie 3 4. Parallactic terms. Additions due to &R in the equations of variations 


Arguments (2j+1) +0. 7=0,1,2; 1t=0, +1,..., +7 
+t | f=0;t+ | f=0;7— | f=I;t+ | fers i— | f=2;1+ >| j=2:1- 
Q° +F,, (25-1) Sine series 
0) — +442 + 4°655 — 1-098 
I +480 + +340 — 4:168 — 2°888 + -882 + +167 
Be —-IQI — +227 + 2°683 + 1°333 — +448 — +325 
3 +e 38 +-104 — 1-404 hg 4233 +°244 
4 0) — 45 + 632 + 177 = 7122 — +130 
5 - 2 + 17 — +260 —- 53 + 58 + 63 
6 - I - 6 + +102 + 4 — 28 — 28 
i te 0) — 36 = 9 eS ei} 2 
ues Tl (25.2) Cosine series 
0) — +236 — 1-789 | + 34r 
I "E12 +139 +1490 + -926 a —-2II 
2 +-I0I — I — +863 — +371 +> “211 — 12 
3 + 63 se L a 407 ram — +123 te) tk 
4 — 28 —- 5 — ‘166 — 36 +) 61 —- 3 
5 t= LO 0) + 62 ae 7 = 27 0) 
6 + 2 + 3 —' 22 — 2 + 10 (e) 
I. o) = 1 + 8 _ 2 = 5 re) 


LHEORY OF THE EIGHTH SATELLITE OF JUPITER 


TABLE 3 A (continued ) 


gatyit 


+14 7=0; 74+ 7=0;1- g=Tj4— 
ve +F,, (253 Cosine series 

fo) — 169 —II4 

I +*I14 + -087 +109 + +057 
2 — S54 Tit an ee. = EES 
S) + 20 + 8 + 37 + 6 
4 — 6 0) - 7 see ehats 
5 + 2 0) + 8 = ft 
6 - I 0 —- 4 0 


TaBLe 3 8B. Results for the parallactic terms 


Arguments (274-1) E+; j=0, 1,2; 2=0, +1, ..., +0 
ti | j=o;it | faost— | farsit+ | fatsi— | ja2;i+ | j=2;i- 
69+F, Cosine series 
Oo +-09 —1°28 +-26 
I Oe: + OI + -89 + 1-10 —-18 ore 
2 O sa SG — -83 aP +°13 
3 2 2 120 G4 ed. — 8 
4 — I =—) Gr — 8 + +43 + 2 + 6 
5 0) - 3 eS — 8 — I — 7 
6 0) 0) —- I + 3 0) —-21 
du+F, Cosine series 
0 +40 te 5S —-08 
I O Sp P1KO) 20) = oSyl ae +-02 
2 + I + 2 + +13 OS — 2 — 5 
3 — I —- 2 —- 5 +1:23 + I + 2 
4 Oo 0) + 2 + 49 f°) — 4 
5 0) —- I 0) + 8 0) — +29 
6 0) 0) O - I 0) —-I9 
du+F, Sine series 
Co) —+I3 — 02 00 00 
I ap 5) Ad) =P W ae KONE (6) O 
2 — 2 aps eee 0 o : 
t+ F, Sine series 
0 ee) ret, VE +I 
i. +°II —1°45 + -4I +1-07 — 7 —'I2 
2 — 3 — I — -20 —1-23 aed +-10 
3 +1 0) + 9 —I°31 — 2 —-I2 
4 fo) 2 aS ee ap — +30 
5 0) — fF ap ac 0) 37 
6 (e) rf 0) —- 2 0) — +23 
With sufficient approximation: 
80 = $v + °145, dl/T) = 38Q 


210 THEORY OF THE EIGHTH SATELLITE OF JUPITER 
Taste 4.4. Zerms factored by e'. Additions due to 8R in the equations of variations 
Arguments 276+ -- Al’. G=0, 1,2: 1=0, £1,-..,40; k= et 

. iO; 4=0} 7 Le =k = ih 7=T: ee 4 =z 7 = 2; 
+4 be — 1 k=-I k=-I k=-I k=+1 k=+1 k=-I k=-I k=+1 

i+ i— a+ i— t+ i— i+ i— a+ 

: \ 

Q,+F,, (27.2) Sine series 

0) — +866 +5°596 — -g06 — 1-166 ++130 
I +876 +-562 —4:690 | —2:926 +-652 + +602 + 1-093 +-808 — 75 
2 — +402 — +224 +2°745 + 1-110 — +335 — +276 — +752 — 85 + 46 
3 + +143 + 89 — 1-306 — +341 ++152 + 89 + +430 —- 6 — 26 
4 — 56 — 36 + +543 + 95 — 61 — 27 — +216 —- I + 8 
5 sp BB Steel = POS > A sp AL ar. ©) “OO ap al = § 
6 =e 7, a} ae 4 et 6 — 8 ) — 41 —- I ae Ss 
Wa 27-3) Cosine series 

) — +790 — 2-181 +°417 i335 — +053 
I + +392 + +396 +1211 + -801 — +655 — +233 — -280 — +215 + 42 
2 — +231 —-107 — -817 — +264 +°1I5 + 54 + +179 — 55 — 27 
3 Fp 1K ae US} a OSB 95) = AR = iG = OY -+ IO + II 
4 — 31 - iI — +125 - 3 + 13 + § + 42 - I - 6 
5 + 8 — 2 + 42 + 2 — 4 —- 2 - VW O + I 
6 —- 2 0) — 12 = I eS + I + 7 fo) + I 
v,+F,, (27.4) Cosine series 

0) + +148 — -060 +196 + +015 —-041 
I —II3 —-o81 + 46 + +039 — +142 —'1II3 — “Is — +009 + 35 
2 sa) GY 2939 — 26 — 14 + JZ + 54 tr 9 + 38 — 23 
3 — 24 — 16 + II 3 — 31 — 19 — 6 — I Farka 
4 =O + 5 pete (5 OFA Sates oe sf > BOr Mas 0 =—5 
5 ne, = 2 + 3 O = 2 —- 2 = I ) + 3 
6 ) 0) — I 0) + I 0) + I 0 —- I 

F oO to 02 
DQ 3th iS 34: 


+14 


THOMOKN Of THE HIGHTH SATELLITE OF JUPITER 


Tas_e 48. Results for the terms factored by e' 


PEA 


Arguments 2j7+71+hl’. j=0,1,2; i=0, +1,..., +6; R=+1 
=05 j=0; j=; j=l; j=1; j=1; J=2; J=2; J=2; J=2; 
+1 = — 1 k=-I k=—1 k=-I =-+T1 =41] k=-I k=-I k=+4+1 kR=+4+1 
at Ue a+ i= a+ t— t+ i— i+ i— 

I . . 

Zz Cosine series 
0) + *030 =*142 + °032 + +023 — +009 
I = —-002 ap oh} +°122 =i = "032 eek —-o1g + 5 +009 
2 ay 4 — 39 —‘I4I BRO IS + 66 + It ) —- 3 —- 4 
8 aC qe OB + 15 — 47 —- 2 + 6 —- 6 + 2 + I + I 
4 —- 2 —- i. - 5 + 5 ae Es 0) ae —- 2 e) — 6 
5 =F IE (0) + 2 = I O Oo _ 36 (0) (0) = ®# 
6 0) 0 —- I 0) 0 O 0) - I 0) + I 

: Cosine series 
) +-OIr + -083 — +023 — +007 “000 
I + 27 “000 — 31 —I47 + 9 +133 + 5 + +006 0) “000 
2 0 + 2 + 12 — +189 —- 2 + 56 - 2 + 2 0) 0) 
eB 0) ) —- 4 -— 57 0) + 25 + 1 - I 0 0) 
4 0) (e) + I —- 5 0) + 2 O —- 2 0) 0) 
5 oO 0) 0) 0) 0) 0) 0) + 1 0) 0) 
6 () O O 0) 0) 0) 0) + 2 0) 0) 

Z St Sine series 
) + +200 — +136 +-0QgI +-O14 — +007 
I —-048 +-OI1 + 71 +°172 — 26 — +226 — 10 —-013 cee + +009 
2 + 13 + 4 — 30 +-163 + 6 —-168 on eO 0) = 2 — 6 
e a as a 9 2 ele 45 are + 25 aN BS Tice) atest — 4 
4 O + I —- 4 — 2 0) —- 6 at + 19 ) —- 4 
5 0) 0 + 1 0 O + 4 0) See 0) + 2 
6 O 0) (0) 0) 0) 0 0) + 3 0) 0) 

* Sine series 
fe) +057 —-O0I +005 000 —-OoI 
i —- 6 + +007 ) +-Oo1 — 2 — +004 fo) “000 0) +-O0I 
2, api —y 1 Ce) = @ ace 36 ap oe oO ) 0) O 
3 0) 0) 0) - I ) + 12 ce) O 0 0) 
4 0) 0) 0) 0) (e) —- 2 O 0) O 0) 

| 
With sufficient approximation: 60=d8v~+-145, d1/[)=450. e’ =-048374. 
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